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CCIDENTS due to air embolism may be divided into two types, depending 

on the site of entrance of the air into the body. The distinction between 
these types is vital, since there is a tremendous difference in the symptomatology 
and in the amount of air necessary to produce serious manifestations or death. 
The first type is that in which the air enters a systemic vein and tends, if present 
in sufficient quantity, to result in obstruction of the right ventricular outflow 
tract. Amounts of air up to 100 to 150 c.c., or more, may be necessary to produce 
death, although the result is determined by a number of factors, such as the 
pressure of the injected gas, the speed of the injection, and the position of the 
patient at the time the air enters the circulation. This type of embolism may 
occur as an accident under a number of different circumstances in medical prac- 
tice, and there has been no field of medical endeavor free from its occurrence. 
It has been called pulmonary air embolism, since it is the pulmonary circulation 
which is involved in the obstructive manifestations. We have considered this 
type of embolism in a previous communication,' to which the reader is referred 
for further details. The present report will limit its considerations to the second 
type. 

Air which gains entrace to the pulmonary veins produces an entirely different 
clinical picture, and presents many features which do not correspond to those 
presented by the previous type. It has been called arterial air embolism since 
its serious manifestations are dependent upon obstruction of systemic arteries, 
especially of the central nervous system and coronary vessels. This type, as ae 
would be expected, has been a menace in procedures dealing with the thorax, eS ! 
such as pneumothorax, thoracentesis, and various thoracic surgical procedures. " 
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HISTORICAL SUMMARY 


In 1912 Brandes* accidentally demonstrated the mechanism of arterial air a 
embolism when he attempted to outline the extent of an empyema cavity by in 
means of an injection of bismuth paste through a thoracic sinus. The patient ae 
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developed a generalized convulsion with conjugate deviation of the eyes, and deat! 
occurred in twenty-four hours. Post-mortem examination revealed bismuth 
in the smaller blood vessels of the cerebral cortex on both sides, as well as in other 
systemic arteries. Serial sections made from the walls of the sinus used for 
the injection revealed bismuth as far as the pulmonary capillaries and veins. 
Here the rubber catheter used to inject the bismuth had evidently produced a 
mechanical injury of such a nature as to open some of the small veins. The 
symptoms in this case were identical with those which had been attributed by 
chest specialists to ‘pleural shock” or ‘‘pleural eclampsia” in cases of pneumo- 
thorax. It was demonstrated, therefore, that substances injected into the 
pulmonary veins could readily reach the cerebral circulation and produce dis- 
astrous results, and the question was then raised as to the possibility that gases 
could follow a similar route and be as disastrous in their effects, thus accounting 
for localized neurological manifestations not explained by the pleural shock 
theory. As early as 1913 Brauer’ reported his strong conviction that all serious 
accidents of the type referred to as pleural shock were in reality due to air em- 
bolism. In support of this contention, Gunderman? in 1921 injected air into the 
pulmonary veins of animals and observed it entering immediately into the 
coronary arteries and riding there without a tendency to pass on through the ca- 
pillary bed. 

Despite this evidence, many students of the problem continued to hold to the 
pleural shock theory of origin for pneumothorax accidents,*-* and Vandriessche" 
went so far as to state that ‘‘the theory of gas embolism should be abandoned.” 
As far back as 1907 Capps and Lewis"’ had presented strong experimental evidence 
to indicate that irritation of the inflamed visceral pleura by various means could 
result in blood pressure-lowering reflexes. In 1937 Capps! presented a summary 
of the evidence for pleural shock and against air embolism. He pointed out 
that stimulation of the normal pleura of an animal results in no response, but, 
when an acute pleurisy has been produced previously, stimulation results in 
manifestations which may be of two types. The first is that of vagal irritation, 
as shown by slowing of the pulse, or even by heart stoppage. Fainting may 
result, but recovery is prompt, there is no danger involved, and the reaction may 
be abolished by the giving of atropine. The second involves a different (vaso- 
motor) type of reflex. It is manifested not by cardiac irregularity but by 
tachycardia, with a rapidly falling blood pressure, the appearance of shock, 
and the possibility of death. The upright posture is apparently conducive to 
this type of reaction, and Capps blamed the sudden deaths in pneumothorax 
and thoracentesis work on this vasomotor type of reaction. He had further 
strengthened his argument by purposely stimulating the visceral pleura of human 
subjects during the tapping of pleural effusions, and had demonstrated a drop 
in the blood pressure. 

As objections to the air embolism theory he further pointed out that: 
(1) syncopal phenomena are not encountered often enough in procedures that 
involve the injection of air, that is, pneumothorax; (2) syncope occurs most often 
in simple exploratory puncture wherein no air is injected; and (3) numerous 
individuals who have succumbed to pleural shock have shown no evidence at 
post-mortem examination of air emboli in the brain or coronary arteries. 
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Though these arguments for the existence of pleural shock have been strong, 
the arguments against the possibility of air embolism have not been convincing, 
and as time has passed more and more evidence has become available to refute 
them. Certainly the neurological manifestations which represent focal lesions 
in the central nervous system are common in pneumothorax and thoracentesis 
accidents, and these are very difficult to explain on the basis of a shock mechan- 
ism, especially in younger individuals without pre-existing cerebral vascular 
disease. Air embolism, on the other hand, provides a very satisfactory explana- 
tion. Furthermore, many cases have been reported in which air has been seen 
in the retinal vessels of patients suffering from attacks of the type under considera- 
tion.2-" Jn one instance air has even been demonstrated roentgenologically in 
the cerebral vessels.'” 

It is true, as Capps" has stated, that in some cases supposed to be arterial 
air embolism no air is found on post-mortem examination, but this is true mainly 
of those cases in which death is delayed, and in these the pathological lesions 
found are those entirely compatible with temporary ischemia of the tissue, and 
are not explainable on the basis of any evident vascular lesion. The inference, 
of course, is that the air which had originally obstructed the vessel had been 
carried away by the circulation following the release of the initial vasospasm 
(to be referred to later) but before the death of the individual. This is a phe- 
nomenon well-known in animal experimentation with air embolism, and ex- 
amples will be included in the experiments reported by us herein. 

There has been much experimental work which has provided strong evidence 
for arterial air embolism, especially that of Wever,!® Schlaepfer, and Rukstinat.!* 
This evidence has shown that air need not be extrinsic (that is, introduced from 
without through the chest wall) in order for air embolism to occur. A broncho- 
venous fistula, for example, is a very possible intrinsic source for the air, as will 
be pointed out later. 

As a result of all these facts, the present opinion of most phthisiologists 
and chest surgeons appears to be that, while pleural shock is a possible explana- 
tion for milder episodes, the serious accidents are probably due to air embolism 


in most instances. 
ETIOLOGY 


It was formerly believed that the air responsible for arterial air embolism 
either was injected from a pneumothorax apparatus, or, in the case of thoracic 
surgery, was aspirated into open pulmonary veins. However, cases occurred 
not infrequently in pneumothorax work in which no air had been injected when 
the accident occurred. This led some investigators to suggest that there was 
sufficient air in the pneumothorax tubing to be aspirated into a vein having a 
negative intravascular pressure. The fact that small amounts of air may result 
in serious accidents in experimental work supported this possibility. However, 
there still remained no explanation for the cases which complicated the tapping 
of pleural effusions, in which no such extrinsic air source could be implicated, 
the type of case which Capps'® had used as an argument against air embolism. 
This difficulty, however, was resolved when it was realized that air already 
present in the thoracic cavity could be a very important source of accidents, 
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in the event that the therapeutic procedure provided access of air to the venous 
system, and that the pressure gradient from source to vein was sufficient. It 
is possible, therefore, to classify the sources of air in arterial air embolism as 
follows: 
Intrinsic: 

1. Air in the alveoli 

2. Air in pulmonary cavities 

3. Air in the pleural cavity (pneumothorax) 
Extrinsic: 

1. Injected air 

2. Air aspirated from the tubing of the pneumothorax apparatus 

3. Air aspirated into pulmonary veins during open-chest procedures 


In pneumothorax work, injected air may reach a pulmonary vein directly, 
since there is considerable opportunity for the needle to enter pulmonary tissue, 
especially during an initial treatment, but it also possible for the air to reach 
such a vein indirectly if the pressure in the pneumothorax cavity is raised suff- 
ciently to tear an adhesion with the production of a pleurovenous fistula. 


Air from intrinsic sources cannot reach the pulmonary veins unless the 
trauma of the thoracic procedure produces an opening from the source to the 
vein. In addition, there must be a sufficient pressure gradient from source to 
vein, as well as some factor to maintain the patency of the opening. Infiltration 
of lung tissue is probably the additional factor which, in most cases, prevents 
the closure of the fistulous opening.'* The necessity for such a concatenation 
of circumstances explains the rarity of accidents when needles are introduced 
into normal lung tissue. 


After the air, from either an extrinsic or an intrinsic source, has entered 
the pulmonary vein, it is carried to the left heart and on into the aorta. From 
this point its route is determined to a considerable extent by the position of the 
patient. Air buoyancy will, of course, tend to cause the gas to enter those 
branches of the aorta which are superiorly oriented with relationship to the 
trunk of the vessel.*° Thus, if the coronary and cerebral vessels are directed 
upward from the aorta, these circulations will receive portions of the air. If, 
on the other hand, the head of the patient is below the level of the body, air 
will not enter the cerebral circulation. It is obvious that, if such a position is 
to be used to avoid cerebral involvement, it must be used prophylactically rather 
than following the embolization. There remain, however, definite possibilities 
for the use of this principle in therapy, and these will be discussed later. 


When air has reached the terminal arterial branches of an organ, the effects 
produced are the result not only of the mechanical obstruction of the smaller 
vessels, but also of a neurovascular mechanism producing vasoconstriction. 
It has been shown by the splendid experimental work of Chase!’ that air emboli 
represent moderate or strong vascular irritants which produce a series of effects 
in all respects similar to those induced by other mechanical, chemical, or bacterial 
irritants. Therefore, it is possible to understand why the ischemic effects are 
greater than would be expected on the basis of the size of the embolus alone. 


It 


| as 


res 


DURANT ET AL.: ARTERIAL AIR EMBOLISM 485 


Such a neurovascular mechanism is also, of course, a well-recognized part of the 
pathologic physiology of solid emboli. 


PARADOXICAL AIR EMBOLISM 


While it is generally true, as has been stated in the opening paragraph of this 
paper, that pulmonary air embolism and arterial embolism are distinct entities, 
cases have been reported in which a mixture of the two types has been evident. 
Thus, air which has entered systemic veins has produced manifestations not only 
of pulmonary but also of arterial embolism, and at post-mortem examination 
air has been found in the cerebral and coronary arteries. 

In two of the cases reported, the reason for this has been obvious, an inter- 
auricular septal defect having been found at autopsy. In one of these,”' during 
a radical mastectomy for carcinoma in a 37-year-old woman, a loud sucking noise 
was heard which began simultaneously with the severing of a branch of the axillary 
vein. Vascular collapse was immediate and death resulted within half an hour. 
At post-mortem examination the right auricle was distended with gas. Numerous 
small gas bubbles were observed in the coronary, mesenteric, and internal mam- 
mary arteries. There were two interatrial septal openings, 1.4 cm. and 0.3 cm. 
in diameter. The authors believed that the pulmonary air embolism resulted 
in a rise in the pressure within the right heart and that this produced a veno- 
arterial shunt through the septal defects, with the entrance of air into the systemic 
arterial system. 

In another case,” a 25-year-old woman attempted to induce abortion by 
blowing air into the uterus. Following this she became unconscious and had 
repeated convulsions. Two days later she recovered from the coma, but was 
found to have a left hemiparesis. Later she developed manifestations of pelvic 
sepsis, and died eight weeks after the accident. At post-mortem examination an 
interauricular septal defect which admitted the tip of the finger was found. 
In this case it is likely also that the mechanism responsible for her coma, convul- 
sions, and left hemiparesis was paradoxical air embolism through the septal defect. 

In other instances no septal defect has been reported, and the mechanism is 
not clear. Thus, in one case among four in which air embolism had resulted from 
attempts to procure abortion by means of a Higginson type of syringe,” air was 
found in the coronary vessels. In a case reported by Weyrauch,” collapse fol- 
lowed perirenal air insufflation. The clinical picture was that of a combination 
of pulmonary and arterial air embolism. Death occurred twenty-one hours after 
the accident. At autopsy the findings in the brain were similar to those observed 
in animals which have died some time after cerebral air embolism. There is 
no statement in this report concerning the character of the interauricular and 
interventricular septa. In still another case providing an example of embolism 
involving both systems, Mylks, Brown, and Robinson® describe an instance in 
which death terminated labor after an unsuccessful attempt at artificial induction. 
At post-mortem examination air was found in the vessels of the breasts and in 
the right heart cavity. 

In cases reported by Warring and Thomas*® and by Bohorfoush,”’ air was 
found post mortem in the cerebral veins, but not in the arteries. In those 
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reported by the former, air was found in the coronary veins as well. Bohorfoush 
has suggested venous transmission of air as an explanation for these and other 
paradoxical cases. He points out that air injected into either the vertebra! 
vein or vena caval system might reach the cerebral veins by a totally venous route 
when the patient is in an upright position. This would explain some instances 
of cerebral air embolism in which symptoms developed only after the patient 
had sat up or stood up following an injection. Whether gas in the cerebral 
veins could be responsible for manifestations of ischemia has not, to our knowledge, 
been demonstrated experimentally. 

The possibility that air might pass the pulmonary circulatory filter and 
reach the systemic arterial circulation has been suggested. That this can happen 
experimentally we have demonstrated in the dog. This is especially true in 
experiments wherein repeated sublethal doses of air are injected into the systemic 
veins, with the animal on the left side. When the animal is on the right side, 
air never reaches the systemic circulation, evidently because the air trap in the 
outflow tract of the right ventricle is most effective in this position. Whether 
conclusions from experiments such as these can be carried over to the conditions 
under which human air embolism occurs is uncertain. Certainly further ex- 
perimental work is needed on this subject before definite conclusions can be 
drawn. 

CLINICAL MANIFESTATIONS 


‘The clinical manifestations of arterial air embolism are somewhat varied, 
but there are many features which are common to the majority of cases reviewed 
in the literature. The onset may be very sudden, but in quite a few instances 
there are warning symptoms just before the severe features become manifest. 
The patient will often state that he “feels funny,” that he is dizzy, or that he 
feels faint. Fear of death is mentioned by some. Rarely, pain in the head is 
the first complaint. These initial features of the embolism may come on during 
the thoracic procedure, and it is often noted that when the needle is withdrawn 
the tip is bloody. In some cases, however, the onset is not immediate but de- 
velops when the patient arises from the operating table, or, occasionally, even 
hours later. 

Following the early warning symptoms there is usually loss of consciousness, 
the duration of which is variable. Some patients retain consciousness entirely, 
but may be disoriented. Convulsions, localized or generalized, tonic or clonic 
(often both in sequence), occur in somewhat less than half the cases. Following 
the return of consciousness, or sooner in some cases, various localized neuro- 
logical signs may be noted. These include hemiplegia, hemiparesis, hemian- 
esthesia, monoplegia, hemianopsia, nystagmus, and strabismus. Frequently 
these signs disappear within a few hours or days, but cases have been recorded 
in which a hemiparesis persisted for as long as four months. Blindness may also 
occur, and it may be complete even in patients who have not temporarily lost 
consciousness. This manifestation may persist for several days. The pupils 
are usually dilated, and sometimes widely so, but occasionally they are con- 
stricted. Cyanosis is noted in the majority of instances. It has been described 
in some as being limited to the face and neck, but usually it is generalized, and 
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may be very marked. Respiratory disturbances are usually present. Most 
often there is slowing of the respiratory rate, and sometimes Cheyne-Stokes 
breathing is observed. Manifestations of peripheral vascular collapse, including 
thready or imperceptible pulse, marked drop in blood pressure, and cold, clammy, 
pallid skin, are frequent, and may be severe even in patients who later recover. 
The heart has been described in some cases as sounding tumultuous, but mill- 
wheel murmurs, such as are heard in pulmonary air embolism, are not encountered. 
Following recovery from the acute episode, should the patient be so fortunate, 
pain in the chest, often referred to the precordial or substernal area, is a frequent 
complaint, and this may be accompanied by considerable dyspnea. Nausea or 
vomiting may also occur. These complaints may persist for hours or days. 

In one patient®® electroencephalographic study was carried out during 
the early phases of recovery, and abolition of normal cortex activity was noted. 


PATHOGNOMONIC SIGNS 


The clinical features so far referred to are, of course, nonspecific in that 
they may occur in other disease states. There are, however, five features which 
may be regarded as specific or pathognomonic. These require stress since they 
are known to few physicians, and their diagnostic value is so great that search 
should be instituted for them in every case in which there is a possibility of arterial 
air embolism. 

1. Detection of Air in the Retinal Vessels by Ophthalmoscopic Examination.— 
This is perhaps the most important of the specific signs."-'© Bubbles may be 
seen streaming through these vessels, or there may be pale, silvery sections in 
them representing columns of air. These findings are often quite temporary and 
should therefore be searched for immediately after the onset of the accident. 
Reyer and Kohl” state that this sign has been observed in one of ten cases of 
arterial airembolism. Following the disappearance of the air bubbles or columns, 
pallor of the retina may be noted for several days, and this may be associated 
with diminution or loss of visual acuity. 

2. Liebermeister’'s Sign.—In a series of cases observed by Liebermeister,?® 
it was possible for him to declare the presence of emboli very early by the occur- 
rence of sharply defined areas of pallor in the tongue. He ascribed this phe- 
nomenon not to vasoconstrictor stimuli but to abridging of arterial flow by air 
bubbles in one or the other of the lingual vessels or of their branches. The 
position of the anemic sectors depended on the branch of the lingual artery which 
was blocked. If it was an end branch of the right lingual artery with the stem 
remaining free, there appeared a small segmentary anemia on the edge of the 
tongue to the right of the tip; if the whole stem became blocked there was a total 
anemia of the right half of the tongue. He believed that this sign was not only an 
early one but also a constant one, that its presence was an almost certain indica- 
tion of air embolism, and, conversely, that its absence was as clear an indication 
that air embolism was not present. 

We are aware of no instances in the American literature in which this sign 
has been described, perhaps because it is not generally known, and it is certainly 
very likely to be missed in the confusion that surrounds the catastrophic episode 
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unless the physician is aware of its occurrence and importance. In the British 
literature a case is reported*’ in which attacks of air embolism occurred in the 
same patient on two different occasions, during both of which there appeared a 
temporary right hemiparesis and right-sided pallor of the tongue. Certainly 
the involvement of the tongue on the same side as the hemiparesis (the opposite 
side to the involved motor centers) is difficult to explain on the basis of air em- 
bolism of the lingual artery, and raises the question of vasospastic phenomena 
associated with air embolism, as previously referred to in connection with the 
studies of Chase.'” 

3. Marbling of the Skin.—This interesting dermal manifestation is due pre- 
sumably to embolism of the skin vessels, and is noted especially over those 
portions of the body which are superiorly located. 

4. Air Bleeding.—Van Allen and Hrdina*® have stressed the value of this 
diagnostic sign. In a case of suspected air embolism a small incision is made 
in the skin over the most superior portion of the body. Air bubbles may then 
be observed in the blood escaping from this incision. 

5. Roentgenologic Demonstration of Air in the Cerebral Vessels.—This sign 
has been reported in only one case." It is probable that amounts of air sufficient 
to become thus demonstrable will be rapidly fatal, as in the one case referred 
to, and this sign will therefore have its main value as a means of post-mortem 
diagnosis. 


CORONARY INVOLVEMENT 


That the coronary arteries are frequently involved in arterial air embolism 
has been demonstrated by experimental and post-mortem studies. Rukstinat 
and LeCount*! produced bronchovenous fistulas in guinea pigs by raising the 
intratracheal pressure sufficiently high to rupture alveoli into adjacent blood 
vessels. Convulsions were invariably produced when the pressure was raised 
to 30 mm. Hg, and a pressure of 45 mm. Hg always resulted in death in fifty 
to seventy-five seconds. Necropsy carried out under water revealed air in the 
coronary arteries in all the animals. There was a 50 to 90 per cent filling of these 
channels with the air. Hemorrhages were noted in the myocardium in some 
instances. Rukstinat'® later reported experiments in which air was injected 
rapidly into the coronary arteries of dogs. This was followed by tumultuous 
heart action and acceleration of rate, giving way to a pronounced slowing within 
ten to twenty seconds. Death occurred in one to four minutes. Air injected 
slowly in amounts up to 20 c.c. caused only temporary disturbances. No state- 
ment is made as to whether or not infarcts developed in any of the animals 
which recovered, and no electrocardiographic studies were carried out. Air 
injection into the left auricle caused death from coronary air embolism in thirty- 
five to seventy seconds. Left auricular injections were likewise fatal in a group 
of animals in which the carotid and vertebral arteries had been ligated fifteen 
minutes previously in order to eliminate cerebral embolism as a factor in the 
fatal outcome. Rukstinat concluded from his experiments that obstruction of 
the coronary arteries must be considered of great importance in all cases of air 
embolism originating in the pulmonary circulation. 
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In 1929, Van Allen and Hrdina®’ performed pulmonary vein air injection 
experiments which showed that coronary involvement was the cause of death in 
animals when cerebral involvement was prevented by the head down position. 
They calculated that the maximum tolerated dose of air was 0.5 c.c. per kilogram 
of body weight for animals with the head up, 1.5 c.c. per kilogram with the head 
horizontally placed, and 3.3 c.c. per kilogram with the head down. 

Moore and Braselton*:* demonstrated conclusively that in cats the cause 
of death following air embolism by way of the pulmonary vein was obstruction 
of the coronary arteries. A dose of air amounting to 0.5 c.c. per pound of body 
weight caused typical coronary death upon every experimental attempt. Death 
resulted regardless of the position of the animal. The heart was found to behave 
exactly as when the coronary arteries were ligated. Pure carbon dioxide injec- 
tions were found to be well tolerated, however. 

Kent and Blades* injected 1.0 c.c. of air into the pulmonary vein of twenty- 
eight dogs and found this to be universally fatal. The coronary arteries became 
filled with air bubbles which did not progress along the course of the vessels. 
After variable intervals of time the heart began to have weaker contractions, 
the heart rate increased, and the ventricles dilated slightly. Shortly thereafter, 
ventricular fibrillation always occurred. Within a variable period of time the 
heart became markedly dilated and the animal died. In another group of animals 
0.25 c.c. of air was always tolerated, but 0.5 c.c. resulted in a mortality rate 
of 50 per cent, with death occurring as described for the animals which received 
1.0 cubic centimeter. When the animals were injected with the body in a ver- 
tical position, head down, 8 to 14 c.c. could be tolerated, the air being trapped in 
either the auricle or ventricle until sufficient had been injected to be forced by 
ventricular contraction into the aorta. Kent and Blades have tended to discount 
the importance of cerebral involvement in air embolism as a result of their findings 
in other experiments, in which they injected as much as 20 c.c. into the carotid 
artery of dogs without demonstrable effect. However, it should be pointed out 
that, differing from man, the dog is able to tolerate ligation of both carotid ar- 
teries and both vertebral arteries without evidence of cerebral damage.** 

Reports of coronary air embolism in the human subject are few in number, 
possibly because the interest of the observer has been centered on the cerebral 
manifestations. Jackson and Babcock* reported a case in which sudden death 
occurred during an open operation for empyema in a 23-year-old man. There 
was systolic arrest of the heart. This, the authors believed, was due to coronary 
air embolism, although no statement is made as to the actual observation of air 
in the coronary vessels. 

Pollak** reported a case in which the coronary vessels were filled with air 
at the time of the post-mortem examination. The patient had developed a 
spontaneous pneumothorax, which was treated by the aspiration of air. One 
hour following the aspiration, the patient suddenly collapsed and became markedly 
cyanotic. Death ensued a few hours later. 

The case reported by Chase,'’ and previously referred to as having demon- 
strated air filling of the cerebral vessels by roentgenologic examination, also 
showed filling of the coronary vessels at post-mortem examination. The patient, 
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a man 25 years of age, underwent middle lobe lobectomy for bronchiectasis. 
During the course of the operation the main pulmonary vein was inadvertently 
cut, and there was a brisk hemorrhage accompanied by a whistling inspiratory 
sound. It took about fifteen seconds before the Kocher clamp could be applied 
to the bleeding vessel. Within a minute the anesthetist reported that the pulse 
rate had fallen to 40 and that the blood pressure had risen to 160 systolic. Within 
three minutes of the hemorrhage, the patient was declared dead. 


In a case reported by Hall*’ a 24-year-old man with pulmonary tuberculosis 
collapsed during the refill of a pneumothorax pocket, developed nystagmus and 
strabismus, and complained of ‘‘anginal symptoms similar to those of coronary 
occlusion.” He then became unconscious, and died thirty minutes later. At 
autopsy, air was found in the left side of the heart, and in the coronary, celiac, 
renal, hepatic, and mesenteric arteries. No examination of the head was done. 


Schattenberg and Ziskind™ describe the case of a 46-year-old man who, 
while receiving his seventh pneumothorax refill, and just as the needle was being 
withdrawn, developed cyanosis of the face and neck, together with marked air 
hunger. Air bubbles were observed in the retinal vessels. Death resulted within 
a few minutes despite the intracardiac injection of epinephrine. At post- 
mortem examination the left auricle and left ventricle were dilated and filled 
with extremely frothy blood. The coronary arteries contained a number of gas 
bubbles. Air was also found in the basilar and carotid arteries and in many of 
their branches. 

Still another instance of the observation of air in the coronary arteries at 
post-mortem examination has been referred to previously in the discussion of 
paradoxical air embolism (air embolism associated with mastectomy). 

In all of these cases in which air has been reported in the coronary arteries, 
no evidence of infarction of the myocardium has been described. This is under- 
standable since the time was insufficient for infarction to have become evident 
either grossly or microscopically. The case reported by Bratkov and Verdnikova** 
is therefore especially interesting. Their patient was a 26-year-old man who had 
pulmonary tuberculosis. Pneumothorax therapy on the left was attempted, and 
on the third treatment, after 100 c.c. of air had been introduced, the patient 
complained of dizziness and loss of sensation in the right arm. The needle was 
immediately withdrawn. The pulse became very weak and finally disappeared 
entirely, the respiration nearly stopped, and there was dilation of the pupils and 
loss of consciousness. Following artificial respiration and cardiac stimulants, 
he regained consciousness, but complained of weakness, pain in the cardiac region, 
and headache. The pain became gradually more severe, marked dyspnea was 
noted, he was ‘‘morbidly pale,’ and there was cyanosis. The heart sounds were 
feeble, the pulse was thready, and there was evidence of edema at the lung bases. 
Death ensued twenty-one hours after the occurrence of the embolism. At 
post-mortem examination several dark, cherry-red plaques (2 by 3 cm.) were 
seen through the epicardium on the anterior surface of the heart. The cardiac 
muscle was flabby. The chambers were filled with blood clots. The valves 
were normal in appearance. On section, the myocardium of the left ventricle 
had several areas of diffuse hemorrhagic infiltration involving the whole thick- 
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ness of the cardiac muscle and giving rise to the appearance of the plaques 
described. The coronary arteries showed no pathologic changes. Infarction 
of the myocardium of the left ventricle was diagnosed, the basis for the infarction 
being coronary air embolism. 

A similar case was described in 1935 by Farr,*® in which cerebral manifesta- 
tions developed during pneumothorax therapy, and on post-mortem examination 
foci of hemorrhage and myomalacia were found in the myocardium. 

Electrocardiographic Evidence.—Very few cases have been reported in which 
electrocardiographic examination has been done. This is probably due to the 
fact that attention has been centered mainly on the cerebral manifestations, and, 
in some instances, death has occurred before such an examination could be 
attempted. 

The first case which we have been able to find in the literature in which 
electrocardiographic evidence of myocardial infarction has been presented is that 
of a 24-year-old woman with pulmonary tuberculosis, reported by one of us in 
1935.4° Prior to pneumothorax therapy, this patient had had an electrocard- 
iographic examination because of a systolic basal murmur. This electrocar- 
diogram served as a control for the tracings taken after the accident which 
occurred on a fourth unsuccessful attempt to induce a left pneumothorax. The 
needle had just been introduced, and no manometer oscillations had been ob- 
tained, when the patient complained of feeling faint. The needle was immediately 
withdrawn, but a generalized convulsion lasting about thirty seconds ensued. 
Following this, the patient was markedly cyanotic, there was slowing of the 
respirations, and the pulse could not be felt. Stimulants were administered, and, 
following recovery of consciousness, the patient complained of substernal pres- 
sure. There was marked dyspnea and frequent vomiting. The substernal pres- 
sure and vomiting persisted for several hours, and the dyspnea for six days. 
Following this there were no further symptoms referable to the incident, and the 
tuberculous lesion eventually became quiescent. The electrocardiographic 
changes which followed the accident were of great interest. Unfortunately, 
precordial leads were not done routinely in 1935, but the standard leads showed 
a large Q wave in Lead I, elevation of the RS-T segment in Lead I, and depression 
of the RS-T segment in Lead III in the tracing taken three hours after the 
embolism. Two days later the deviations of the RS-T segments had largely 
disappeared, but the large Q wave in Lead I persisted and there was then present 
a coronary type of T wave inversion in Lead II. In a tracing taken thirteen 
months after the accident there was a reappearance of the initial upstroke of the 
QRS complex in Lead I, and the T-wave changes had disappeared. The findings 
were then identical to those in the control tracing prior to the accident. 

The case reported by Cameron“ is of interest in that the electrocardio- 
graphic changes which developed following an attempt at pneumothorax induction 
in a 24-year-old woman with tuberculosis included temporary complete heart 
block and intraventricular block (the QRS interval was 0.12 second). There 
was marked elevation of the RS-T segment in Lead I, slight depression in Lead II, 
and*moderate depression in Lead III. Later the T wave in Leads I and IVR 
became inverted. Eventually there was a complete reversion to normal. 
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EXPERIMENTAL STUDIES 


Since there is a lack of data in the literature demonstrating whether air 
introduced experimentally into the coronary circulation can produce ischemic 
areas in the myocardium or electrocardiographic changes such as would explain 
the changes observed in the two cases referred to in the immediately preceding 
two paragraphs, we have carried out a series of eighteen experiments using sixteen 
dogs. Sodium pentothal, 20 mg. per kilogram of body weight, and sodium bar- 
bital, 150 mg. per kilogram of body weight, were administered intravenously for 
anesthesia. The thorax was opened by a sternum-splitting incision. Electro- 
cardiographic leads were taken from various epicardial areas by means of a wick 
electrode. The indifferent electrode was attached to the left hind leg. The 
galvanometer connection was such that positivity of the exploring electrode was 
represented by an upstroke on the record. 

In fourteen experiments air was injected into the anterior descending branch 
of the left coronary artery. In two of these experiments (Experiments 8 and 9) 
it was injected not into the main trunk of this artery, but into small branches 
distributed to the left ventricular muscle. In the other four experiments the 
air was injected either into the left auricle (Experiment 11) or into the pulmonary 
vein (Experiments 5,a, 14,4, and 15). In most of the experiments in which air was 
injected into the left anterior descending artery or one of its branches, the artery 
was dissected from its bed for a distance of approximately 1.0 cm. so that it could 
be lifted gently by ligatures in order to facilitate the introduction of the needle 
into the lumen. Care was taken in each instance, however, to make certain that 
ischemia of the myocardium was not induced by this procedure, and the duration 
of the time during which the artery was under any constricting tension was very 
short. In three experiments (Experiments 13, 14, and 16) no arterial isolation 
was carried out, the needle being introduced into the artery during a period of 
asystole induced by vagal stimulation. No electrocardiographic evidence of 
ischemia of the myocardium resulted from this procedure. 

Data summarizing the series of experiments are included in Table I. Gross 
evidence of ischemia of the myocardium was observed in every experiment fol- 
lowing the injection of air, and the site of the ischemic area depended upon the 
branch or branches of the artery involved by the bubbles. This, in turn, was 
determined by the principle of air buoyancy, air tending to enter the most super- 
iorly located vessels. The ischemia was evidenced by a cyanotic appearance of 
that portion of the myocardium involved by the vascular obstruction in every 
instance but one. In Experiment 5,a, in which 10 c.c. of air was injected into 
the pulmonary vein, there was extensive filling by air of the entire anterior de- 
scending artery and all of its branches to the left ventricle; and, in this instance, 
the ischemia was manifested by pallor of the left ventricular muscle. A high 
grade of intraventricular block developed promptly, followed by complete heart 
block and death within a few minutes (Fig. 1). In many of the experiments 
in which the animal recovered, the air rapidly disappeared from the involved 
vessel and the manifestations of ischemia disappeared. However, in two ex- 
periments (Experiments 9 and 11), the ischemia persisted following the disap- 
pearance of the air and was still present when the animal was sacrificed one 
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nie persist after the air responsible for the vascular obstruction has presumably 
disappeared. 
lin TABLE I. SUMMARY OF ARTERIAL AIR EMBOLISM EXPERIMENTS 

een 

ELECTROCARDIOGRAM 

EXPERI- | DOSE 

for MENT | (C.C.) | ISCHEMIC AREA | LEAD T WAVE | RECOVERY OR DEATH 

i PROLONGED QRS | RS-T SEGMENT 
)- 
“ia Injection Into Left Anterior Descending Artery or Branch 
vas 1 1.0 L.V. L.V. a 0 ~ R 
2 0.5 L.V. R.V. 0 0 0 D 
ich 

9) 3 0.5 L.V. R.V. 0 ~ 0 R 
1es : 4 1.0 L.V. L.V. + +* 0 R 
he 5 | 0.5 LV. LY. + +* 0 R 
ry 
as 6 0.5 I.V. groove L.V. + 0 + D 
ry 7 0.5 L.V. L.V. 0 +° + R 
8 | 05 LV. LV. 0 0 R 

at 9 0.5 LV. L.V. + +* -- Sacrificed 
mn R.V. 0 + — 
we 10 1.0 LV. D 

L.V. 0 —+ 
of RV. 0 + (slight) | 0 

12 0.25 L.V. R 

of L.V. 0 +* 0 

13 0.05 R.V. R.V. + ss _— D 

3S 
|. 14 0.025 R.V. R.V. 0 0 + 

e 16 0.05 R.V. R.V. 0 0 _ 

- Injection Into Pulmonary Vein or Left Auricle 

f 

» 5a 10.00 R.V. L.V. + 0 D 

) R.V. 0 + (slight) 0 

ll 5.0 L.V. Sacrificed 

L.V. 0 +* 0 

| 10.0 | RV.andLV. | RV. + +* _ 

15 5.0 R.V. R.V. 0 +* + 
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hour later. These two instances are important in a consideration of the cases of 
human subjects in which evidence of myocardial infarction has been found to 


Upward deviation of the RS-T segment is represented by a plus sign; downward deviation, by a 
minus sign; no deviation, by a zero. Augmentation of the positivity of the T wave, or a shift toward 
positivity of an originally inverted T wave, is represented by a plus sign. The appearance of T-wave 
inversion, or definite augmentation of negativity, is represented by a minus sign. 

L.V., left ventricle; R.V., right ventricle; I.V., interventricular. 

*Experiment in which electrode was located over the ischemic area. 
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In six of the experiments, death of the animal occurred soon after the intro- 
duction of the air, the final cause of exodus being ventricular fibrillation. It is 
difficult from the data at hand to relate the mortality in these experiments to the 
dosage injected. In Experiments 5,a and 14,a large amounts of air (10 c.c.) 
were injected into the pulmonary vein, and extensive filling of the ventral coronary 
system was noted; hence the death of these animals was not unexpected. The 
largest dose injected directly into a coronary artery was 1.0 c.c., and this was done 
in three experiments, one resulting in death, the other two in eventual recovery. 
Death occurred in two instances out of seven in which 0.5 c.c. was injected. In 
these seven animals there was some relationship of the mortality to the size of the 
animal: the smaller animals (10 pounds) succumbed, but two other animals of 
similar weight recovered from this dose. In one experiment death occurred 
following a dose of only 0.05 cubic centimeter. This was in one of three experi- 
ments in which air was injected into the coronary artery without preliminary 
dissection of the artery, and in each of these instances the heart was slightly 
rotated so that the air entered the right branches of the anterior descending artery. 
It is possible that the development of ischemic effects in the three experiments 
in which such small amounts of air were injected was due to the smaller number 
of right ventricular branches, which allowed more air per branch. One can only 
speculate whether the right ventricular muscle might be more susceptible to the 
effects of such obstruction. Whatever the reason, it is important to emphasize 
that small amounts of air in the coronary circulation may have disastrous results. 


Electrocardiographic Changes.—It will be noted from Table I that RS-T 
segment changes were observed in twelve of the experiments. The direction of 
the deviation of this segment was in accordance with previously recognized 
principles concerning current of injury detected at the epicardial surface.” 
When the electrode was over the ischemic area (Experiments 4, 5, 7, 9, 11, 
12, 13, 14,2, and 15) an upward deviation of the RS-T segment was invariably 
found. This was often of marked degree, as is seen from Fig. 2. When the 
electrode was distant from the ischemic area, depression of the RS-T segment 
was noted in three instances (Experiments 3, 5,a, and 8, Fig. 1). It is of interest 
that in one (Experiment 10), in which simultaneous leads were taken from the two 
ventricles, the electrodes were so placed that each was very close to the two 
opposite edges of the ischemic area. The right ventricular electrode showed 
first an elevation and then a depression of the RS-T segment, and the left ven- 
tricular electrode showed the reverse, the changes in the two at all times being 
reciprocal. 

T-wave changes were more difficult to analyze. High T waves such as may 
be seen during certain phases of myocardial ischemia* were observed in Ex- 
periments 7 and 15, in each of which the electrode was over the area of ischemia. 
In Experiments 6 and 14, a previously negative T wave became upright. Definite 
inversion of the previously upright T wave occurred in Experiments 1, 9, 10 
(both ventricles), 13, and 14,a. In Experiment 16 the T wave was flattened. 
In three of these (Experiments 9, 13, and 14,a), the electrode was over the ischemic 
area and in Experiment 10 the two electrodes were very close to its margin. 
The lack of T-wave inversion in the other instances in which the electrode was 
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over the area of injury is undoubtedly related to the fact that RS-T segment 
changes were present. 


Prolongation of the QRS complex was noted in eight of the experiments. 
Whether this was due to a local intraventricular block in the injured area or to 
bundle branch block was not determined. It is unfortunate that in the three 
experiments in which leads were taken simultaneously from both ventricles, 
prolongation of the QRS complex did not occur. 


Fig. 2.—Experiment 9. Weight of dog, 5.9 kilograms. Lead from left ventricle 1.0 cm. above apex. 
Indifferent electrode on hind limb. Standardization 3/10 normal. Camera speed twice normal. 
Time lines omitted for clarity in reproduction. Positivity of exploring electrode represented by up- 
stroke. 


A, Control. B, C, and D, Tracings taken within a few minutes after the injection of 0.5 c.c. of air 
into a small apical branch of the left anterior descending artery. Note early sharp rise in T waves, 
followed by increasing elevation of the RS-T segment. 


E and F, Representative tracings taken during period of one hour following injection. Area of 


cyanosis in region of exploring electrode persistent despite disappearance of air bubbles from artery. 
Note T-wave changes and large initial negative deflection of the QRS complex. 
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It is of especial interest that in one animal (No. 9, Fig. 2) a large Q wave 
developed during the course of the experiment. This was one of the two animals 
in which a persistent area of ischemia resulted from the air injection. This 
fact may indicate late activation of the endocardial surface in the area of ischemia, 
or it may be evidence of infarct formation. 

Other electrocardiographic effects noted were electrical alternans in one ex- 
periment (Experiment 5,a), bigeminal rhythm in two (Experiments 1 and 7), 
and complete A-V block in one (Experiment 5,qa). 


COMMENT 


It is certainly possible, as a result of these experiments, to state that air is 
not well tolerated within the coronary circulation of the dog,as ischemic areas 
were induced within the myocardium in all of the experiments, and death occurred 
in six of the eighteen animals. The changes observed electrocardiographically 
are identical with those observed in instances of ischemia induced by other means, 
such as ligature of the coronary arteries. The ischemia induced by air can prob- 
ably be related to both of the factors elucidated by Chase,'’ that is, vascular 
obstruction and vascular spasm, although no attempts were made in our experi- 
ments to show the presence of vasospasm. The effects of the vascular obstruc- 
tion may be very transient, the air being rapidly disposed of, but in some instances 
it may be sufficiently prolonged to result in persistent ischemia of the myocardium 
even after air bubbles can no longer be detected within the lumen of the vessel 
involved. Thus it is possible to explain those instances of air embolism in the 
human being in which evidence of myocardial infarction is found some time after 
the embolic accident, when it must be inferred that obstructing air can no longer 


be present. 
The importance of the principle of air buoyancy was demonstrated by the 


experiments, in that the air filled the superiorly located portions of the coronary 
circulation. The importance of the application of this principle by use of the 
head down position in the prevention of cerebral air embolism has been demon- 
strated by the experiments of Van Allen and Hrdina.*° It would seem very logical 
to assume that the same principle could be applied effectively to the prevention 
of coronary involvement. Since in the human being the right coronary artery 
arises anteriorly from the right aortic sinus, and the left coronary artery arises 
mesially from the left posterior aortic sinus, it should be possible to prevent the 
entrance of air into these vessels by placing the patient in a position midway 
between left lateral and prone. However, in order for this technique to be effec- 
tive, the patient must already be in this position when the air reaches the aorta. 
This would appear on first consideration to nullify the practical value of this 
maneuver, since, by the time the patient gives a warning that air embolism has 
occurred, air has probably already reached the coronary and cerebral circulations. 
However, there is indication from a consideration of the cases reported in the 
literature that the initial dose of air may not be the only one, since a fistula 
between the pulmonary vein and a pneumothorax, or other air-containing cavity, 
may be opened and closed repeatedly, and the pressure gradient between the 
source of the air and the vein may fluctuate sufficiently to produce repeated em- 
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bolism. Hence, if warning is given of the occurrence of air embolism, and 
the initial dose is not fatal, it would appear to be very logical to place the patient 
immediately in the favorable position described so that any subsequent emboliza- 
tion may not have serious effects. In order to prevent cerebral embolism the 
patient should also be placed so that the head is down. It would seem wise to 
maintain such a position for a period of several hours in order to allow sufficient 
time for healing of the fistulous tract to occur. The position would not be an 
uncomfortable one for the vast majority of patients. 

Obviously, any reliance upon the use of this position should not exclude the 
use of other established principles in the treatment of air embolism, namely, 
the use of careful technique in chest procedures in order to avoid embolism, and 
the administration of 100 per cent oxygen as therapy after embolism has taken 
place. The value of the latter has been demonstrated by the studies of Fine and 
co-workers“ and Kelly and co-workers.** It is well known from studies 
dealing with decompression sickness that it is possible to “‘wash out”’ the nitrogen 
in body tissues by means of oxygen inhalation.“ 

In conclusion, a few words would be appropriate concerning the value which 
may be attached to the use of other gases, more soluble than air, in an attempt 
to prevent air embolism in pneumothorax work. Oxygen has been suggested 
for this purpose, but the solubility of oxygen is only slightly greater than that of 
air, and we have found it almost as dangerous as air itself in our studies of pul- 
monary air embolism. Presumably the same would hold true for aterial air 
embolism. Carbon dioxide, on the other hand, is approximately twenty times 
as soluble as air and would therefore be far better tolerated if transported in the 
blood stream. This has been shown in our work in pulmonary air embolism* 
and also in the work of Moore and Braselton*® in connection with arterial air 
embolism. However, it should be emphasized, as has been mentioned earlier 
in this communication, that it is often not extrinsic gas which is responsible for 
the embolic accidents, but rather air contained within the body which enters the 
pulmonary vein through a fistulous opening. Hence, only those accidents in 
pneumothorax in which the injected gas enters the vein would be prevented by 
the use of carbon dioxide. Furthermore, the speed of absorption of carbon dioxide 
makes it an undesirable gas for pneumothorax work. 


SUMMARY 


Arterial air embolism is an infrequent but often disastrous complication 
of various thoracic therapeutic procedures. Occasionally it may result para- 
doxically from air entering the systemic veins and reaching the systemic arteries 
through a septal defect, or possibly by other mechanisms. The serious mani- 
festations are the result of obstruction by air bubbles of cerebral and coronary 
vessels, together with spasm of these vessels induced by the irritation of the gas. 
Animal experiments indicate that air introduced into the coronary circulation, 
either directly or by injection into the pulmonary vein or left auricle, produces 
ischemia of the myocardium in areas supplied by involved vessels. The ischemia 
is demonstrable grossly and by electrocardiographic examination. It may be 
very temporary, with speedy recovery, or it may persist even after the apparent 
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complete disappearance of the gas bubbles. Death from ventricular fibrillation 
may result within a very short time after the injection of the air. 

The distribution of air within the arterial circulation is determined by 
the principle of air buoyancy. This principle may be made use of in the therapy 


of arterial air embolism. 
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IDIOPATHIC INFANTILE HYPERPLASTIC AND HYPERTROPHIC 
CARDIOMEGALY (CONGENITAL CARDIAC HYPERTROPHY) 


GEorGE G. Race, M.D., AND BERNARD BLACK-SCHAFFER, M.D. 
DurnaM, N. C. 


HE cause of “congenital idiopathic hypertrophy” of the infantile heart 

remains an enigma in those cases in which all factors known to produce 
cardiac hypertrophy have been ruled out.'!| The two mechanisms of idiopathic 
enlargement which have been suggested are hypertrophy and hyperplasia. 
Among the studies supporting the thesis of hypertrophy are those of Dammin 
and Moore,? who demonstrated in their case an increase in the width and total 
number of fibers without a concomitant increase in the total number of nuclei. 
The protagonist of hyperplasia as a cause of cardiac enlargement is MacMahon,’ 
who observed many mitotic figures in the myocardium of a 6-month-old infant 
whose heart was twice normal weight. The purpose of this article is to present 
further evidence that idiopathic cardiac enlargement in infants may be the result 
of myocardial hyperplasia as well as of hypertrophy. 

In the hypertrophied adult heart, Karsner, Saphir, and Todd‘ demonstrated 
that, while the myocytes and nuclei are not increased in number, the individual 
fibers are enlarged. Thus, for a given unit of tissue there is a decrease in the 
number of nuclei because of the increased volume of sarcoplasm, the total number 
of nuclei in the heart remaining essentially unchanged. "ammin and Moore 
concluded from a study of their single case of infantile idiopathic myocardial 
enlargement and a control that, while the total number of nuclei in the heart 
remains constant, the number and width of the fibers are increased. They felt 
that their case should be regarded as one of cardiac hypertrophy. Inherent in 
the previously mentioned criteria for myocardial hypertrophy is a definition of 
hyperplasia, namely, the demonstration of a significant increase in the total 
number of myocytes within a given heart. 


MATERIALS AND METHODS 


The number of nuclei within a high-power field of 0.35 mm. diameter and 
calculated to be 0.00058 c.mm. in volume was counted in a total of seventeen 
hearts from subjects varying in age from 514 months’ gestation to 4 years (Table 
1). Three of these cases represent instances of idiopathic cardiac enlargement. 
In all the subjects the material examined was obtained from the left ventricle; 
it was fixed in Helly’s modification of Zenker’s fluid, and cut 6.0 microns in 
thickness. The tissues were processed uniformly and stained with hematoxylin 
and eosin to avoid variations in shrinkage peculiar to different methods. 


From the Department of Pathology, Duke University School of Medicine, Durham, N. C. 
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TABLE I. SUMMARY OF THE FINDINGS IN SEVENTEEN INFANTS VARYING IN AGE From 514 MONTHS 
GESTATION TO 4 YEARS 


CASE | NORMAL NUCLEI IN 

NUMBER AGE* | BODY HEART HEART 0.00058 

(autopsy | (MONTHS) | SEX | WEIGHT | WEIGHT | WEIGHT® | C.MM.OF | CAUSE OF DEATH 
NUMBER) | | (GRAMS) | (GRAMS) | (GRAMS) | MYOCARDIUM 

1. 5074 5.5 F | 765 5 468 Prematurity 
2. 5096 60g) F 870 9 569 Prematurity 
3. 5235T 6.25g | \ 1,400 10 | 758 Prematurity 
4. 5258 7.5¢| F 1,350 | 11 514 Prematurity 
5. 5159 90g), M 3,320 18 17 504 Respiratory failure 
6. 491t 25 | F | 3,700 | 55 23 436 Myocardial hyperplasia 
7. 5242 2.75 | M | 3,130 24 | 23 | 449 | Atresia of jejunum 
8. 4369 3.0 M | 4,520 25 23 456 | Pneumonia 
9. 4149 3.25 F 3,000 | 18 23 377 Acidosis and pneumonia 
10. 5202f 4.0 F | 7,060 | 43 27 251 | Pneumonia 
11. 5180¢ | 4.0 M 4,555 | 73 27 390 | Diarrhea; acidosis 
12 | 45 | F 4200 | 35 27 365 | Cystic fibrosis of pancreas 
13. 4114 | 4.5 F | 4,000 | 30 | 27 398 | Pneumonia 
14. 4252 5.0 | M 6,290 30 29 | 449 | Pneumonia; meningitis 
15. 5185 | 5.5 | M | 7,850 35 29. | 362 | Letterer-Siwe’s disease 
16. 5245 | 12.0 | M | Unknown | 42 44 310 | Kernicterus 
17. 5171 | 48.0 | M | 14,700 80 


73 226 | Polar spongioblastoma 


*g months of gestation. 
Reported cases. 


The counting field was divided into sixteen parts. These, after being tallied 
individually, were totaled. Five such groups were averaged for each normal 
heart and ten for the three enlarged hearts. The normal hearts were so small 
that usually not more than five fields could be found free of large vessels and 
artefacts in any given section. Approximately 25 per cent of the identical fields 
were counted by an associate without the knowledge of the authors’ results. 
The discrepancy between the two totals never exceeded 5.4 per cent. 


REPORT OF CASES 


Case 11 (Autopsy 5180).—This is the case of a 4-month-old Negro male infant who had been 
delivered at full term without complications. At 114 months of age while being changed from 
breast feedings to a formula, he developed diarrhea, which continued until death. In his third 
month of life he suffered an upper respiratory infection complicated by otitis media, which clinically 
was believed to have resolved. Death was preceded by dyspnea, stupor, and cyanosis. The 
carbon-dioxide combining power was reduced to 15 volumes per cent and respirations became 
grunting just prior to death. 

At autopsy the body weighed 4,555 grams. There was moderate dehydration and loss of 
subcutaneous fat. The heart weighed 73 grams (normal weight, 27 grams). Both ventricles 
were dilated and thickened, and the left ventricle midway between the base and apex measured 
1.0 cm. in thickness. The ductus arteriosus was closed. The foramen ovale was functionally 
closed but anatomically patent; that is, the valves overlapped. Valvular defects and anomalous 
vessels were not found. There was no aortic coarctation. Microscopic study (Fig. 1) revealed 
myocardium showing no scarring or degeneration but with more than the usual number of nuclei. 
Mitotic figures were not seen after careful search. Glycogen stains were negative. Fat stains 
revealed small numbers of tiny colloidal droplets of fat within the sarcoplasm. The lungs showed 
minimal intra-alveolar edema with focal areas of atelectasis. The liver showed moderate fatty 
degeneration without passive congestion. The spleen and pancreas did not present lesions. The 
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renal tubular epithelium revealed acute parenchymatous degeneration. There were no glomerular 
or arterial lesions in the kidney. A right subacute mastoiditis with chronic abscess formation 
was the cause of parenteral diarrhea resulting in acidosis and death. The final diagnoses were 
myocardial hyperplasia and enlargement, right subacute suppurtative mastoiditis, and pulmonary 


edema. 


Case 6 (Autopsy 491).—This 2'%-month-old white female infant was born prematurely 
after eight months of gestation without complications. Her birth weight was 2,170 grams. Devel- 
opment was normal except for occasional episodes of cyanosis. On her last day of life the infant 
vomited and became cyanotic without evidence of aspiration of vomitus. Radiologic examination 
revealed a markedly enlarged heart. Despite therapy the child developed convulsions and died. 


At autopsy the body weighed 3,700 grams. The heart weighed 55 grams, and its foramen 
ovale was probe patent. The valves were not unusual; the left ventricle measured 7.0 mm. and 
the right, 3.0 mm. in thickness. The ductus arteriosus was closed. The aorta showed no coarcta- 
tion. Microscopic study (Fig. 1) showed a marked increase in the number of cardiac nuclei lying 
within fibers whose diameters were no greater than those of the nuclei. There was no evidence 
of degeneration or scarring. The vacuolization characteristic of excessive glycogen or fat storage 
was absent. The lungs were atelectatic in some areas. Other than those, no noteworthy lesions 
were discovered either in the kidneys or elsewhere. The final diagnoses were myocardial hyper- 
plasia with cardiac enlargement and focal pulmonary atelectasis. 


Case 10 (Autopsy 5202).—This 4-month-old Negro female infant had been delivered at full 
term without complications. At 3 months of age she developed a mild rhinitis which persisted 
until her death. She was found comatose in bed one morning without any prodrome other than 
the mild rhinitis. The temperature was 30° centigrade. Numerous crackling rales were heard 
over the chest, and death followed within three hours. 


At autopsy the well-nourished and well-developed infant weighed 7,060 grams. The heart 
weighed 43 grams. The ductus arteriosus and foramen ovale were closed. The coronary arteries 
were not unusual. The aortic circumference at its narrowest point, the entrance of the ductus, 
was 2.7 centimeters. Valvular defects were not found. Microscopic study (Fig. 1) revealed a 
relative increase in the sarcoplasm-nuclear ratio. There were no vacuoles within the sarcoplasm. 
Fat stains revealed no abnormality; glycogen stains were not made. One lung weighed 65 grams 
and the other, 70 grams; both showed an acute, diffuse, interstitial pneumonia. Alpha strep- 
tococcus and hemolytic staphylococcus were cultured from the lungs. The larynx was acutely 
inflamed. The liver weighed 350 grams and showed minimal fatty and acute parenchymatous 
degeneration. The spleen, pancreas, and adrenal glands showed no lesions. The kidneys revealed 
no evidence of glomerular or arterial disease; however, the tubular epithelium showed cloudy swell- 
ing. The acute bilateral interstitial pneumonia was considered the cause of death. The final 
diagnoses were myocardial hypertrophy and acute bilateral interstitial pneumonia. 


Cask 3 (Autopsy 5235).—This Negro male infant was the second of twins delivered without 
complications after six and one-fourth months of gestation. He expired after twenty-eight hours 
of life, never having developed normal respirations. At autopsy the infant weighed 1,400 grams 
and measured 40 cm. from crown to heel. The heart, which was not enlarged, weighed 10 grams. 
Both ductus and foramen ovale were patent. Neither congenital anomalies of the heart nor 
valvular lesions were demonstrable. The aorta was normal throughout. Histologic study of the 
myocardium (Fig. 1) revealed a syncytium containing an unusually large number of nuclei. There 
was no degeneration, fibrosis, or vacuolization such as is encountered in excessive glycogen or fat 
storage. The lungs were atelectatic and congested. Much hematopoiesis was seen within the 
liver and spleen. The neogenetic zone of the kidneys was prominent, but no lesions were recog- 
nized. The adrenal glands showed autolysis. The cerebral ventricles contained blood-tinged 
fluid with no concomitant brain lacerations. The final diagnoses were myocardial hyperplasia 
without enlargement, moderate intraventricular cerebral hemorrhage, and focal pulmonary 


atelectasis. 
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‘ig. 1.—Hyperplastic and hypertrophic hearts on left, control hearts on right. U Hyperplastic 
cardiomegaly; © hypertrophic cardiomegaly; © hyperplasia with normal mass; 4 control. 
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DISCUSSION 


The data of the seventeen cases are tabulated in Table I. A perusal of the 
heart weights reveals that in Patients 6, 10, and 11 the hearts are obviously 
enlarged since the smallest of the three (Case 10) weighs 59 per cent more than 
the average heart of an infant of the same age. The hearts of Patients 6 and 11 
are even more strikingly enlarged, being, respectively, 139 and 170 per cent 
heavier than their estimated normal weights. 
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Fig. 2.—Scatter diagram showing number of myocyte nuclei in 0.00058 c.mm. of each of seventeen 
hearts correlated with total cardiac mass. The continuous line is the mean of the values. The dotted 
lines enclose an area of two and one-half ¢ above and below the mean. 


In contrast to the normal heart of an infant of the same age (4 months), 
Patient 10 shows a paucity of nuclei within any given microscopic field. This 
observation led to the conclusion that enlargement of the heart was a consequence 
of an increase in the size of its individual myocytes; in short, hypertrophy. 
In order to establish this diagnosis, the myocardial nuclei of several normal 
hearts of infants of approximately the same age were counted and their number 
compared with that of Patient 10. Table I shows that at 3 months of age one 
infant possessed 456 nuclei per 0.00058 c.mm. of heart. At 4.5 months two in- 
fants showed, respectively, counts of 365 and 398 per 0.00058 c.mm. The heart 
of Patient 10, in contrast, has only 251 nuclei within the same volume of tissue. 
Despite this, it weighed 59 per cent more than the normal weight of 27 grams. 
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The inevitable conclusion is that this heart represents a true hypertrophy of 
unknown etiology, the various recognized causes of cardiac enlargement having 
been eliminated. In Fig. 2 it is seen that the heart of Patient 10 falls within 
2.5 standard deviations from the mean and is therefore considered to possess 
a normal total number of nuclei, in keeping with the definition of hypertrophy. 
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-The number of myocyte nuclei in 0.00058 c.mm. in each of seventeen 
hearts correlated with subject's age in months, 


Fig. 3. 


In contrast to Patient 10, the hearts of Patients 6 and 11 show an entirely 
different histologic picture. As illustrated in Fig. 1, they do not reveal a decrease 
in the number of nuclei, but rather present the impression of increased cellularity. 
This impression, however, is not confirmed by actual count (Table I). The num- 
ber of nuclei per unit volume in a normal heart (Case 7) of an infant of approxi- 
mately the same age as Patient 6 (Table I) is 449, essentially the same as that 
found in the enlarged heart of Patient 6, that is, 436. The same conclusion may 
be drawn for the heart of Patient 11 from the comparison of its count to those 
of normal hearts of Patients 9, 12, and 13 (Table I). Since, however, the total 
mass of the hearts of Patients 6 and 11 is tremendously increased over the normal 
expected weights, the explanation must reside in an increase in the total number 
of myocytes without an increase in their individual size; in short, hyperplasia. 


The difference between cardiac hypertrophy and hyperplasia is well illus- 
trated in Figs. 2 and 3. It will be seen in Fig. 2 that the two hyperplastic hearts 
show a very significant increase in their total number of myocyte nuclei, in con- 
trast to the hypertrophic heart. The heart of Patient 6, for example, if projected 
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to the abscissa, should, for its weight, have approximately 305 nuclei per unit 
volume instead of its actual count of 436. When the point occupied by the heart 
of Patient 6 is extended to the ordinate, it falls on a locus corresponding to a 
heart weight of 24 grams. This weight is normal for a heart with a count of 435 
nuclei per unit volume and corresponds to the expected weight for a normal 
individual of the age of Patient 6. This, then, indicates that the cause of the 
enlargement is an increase in the total number of normal-sized myocytes. The 
same conclusion may be drawn from Fig. 1 for the heart of Patient 11. : 


Fig. 2 illustrates the number of nuclei in a given volume of myocardium 
correlated with the age of the individuals. It is apparent that the two hyper- 
plastically enlarged hearts lie within the areas of the normal, thus again re- 
emphasizing the conclusion that the individual myocytes are of normal size and 
that the cardiomegaly is due to hyperplasia of its units. In contrast to these, 
the heart of Patient 10, the hypertrophic organ, lies well outside the ‘‘normal” 
curve, indicating that it contains far fewer nuclei per unit volume of normal 
myocardium of its age group and that its larger mass is due to an increase in the 
size of each element; in short, hypertrophy. 


The heart of Patient 3 presents interesting possibilities. It shows no increase 
in mass; however, the fact that it contains more nuclei per unit volume than 
its controls, the hearts of Patients 2 and 4 (Table I), indicates that hyperplasia 
is present. Whether such an organ in the natural course of its development 
might give rise to an enlarged hyperplastic heart by virtue of increase in size of 
its individual myocytes cannot be predicted. Nonetheless, the possibility is less 
than remote, and may indicate that, in contrast to hypertrophic cardiomegaly, 
hyperplastic cardiomegaly is a developmental anomaly. The former in its 
mechanism of adaptation follows the pattern of the adult heart, namely, hyper- 
trophy. The nature of the initiating stimulus is unknown, a fact which places 
these cases in the same category with Christian’s’ nonhypertensive chronic 
nonvalvular heart disease, and represents, as in the adult, an acquired lesion. 


MacMahon!’ found mitoses in his case of hyperplastic cardiomegaly. None 
could be found in the two examples of this report. 


SUMMARY AND CONCLUSIONS 


1. It is concluded from a study of three enlarged infantile hearts that the 
mechanism of hypertrophy or of hyperplasia may be responsible for the produc- 
tion of so-called “‘congenital idiopathic cardiac hypertrophy.” 


2. Because of the fundamental difference between the two processes, it is 
suggested that a differential terminology be adopted: infantile hypertrophic 
cardiomegaly and infantile hyperplastic cardiomegaly. 


3. Definitive conclusions regarding the cause of the two mechanisms of 
cardiac enlargement cannot be drawn from the data presented. However, the 
suggestion is made that hyperplastic cardiomegaly may be a developmental 
anomaly and hypertrophic cardiomegaly an acquired lesion. 
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ON THE OCCURRENCE OF RENIN IN THE BLOOD OF 
HYPERTENSIVE PATIENTS 


E. Myton, M.D., Anp L. R. FREEDMAN 
NEw HAVEN, CONN. 


HE renin hypothesis of renal and essential hypertension originally proposed 
that the elevation of the blood pressure was caused by liberation of renin 
from the diseased kidney. More recently this hypothesis has been extended to 
include the concept of the formation of the pressor substance, hypertensin 
(angiotonin), by an enzymatic action of renin.'* 

Numerous investigations have been concerned with the detection of renin 
in the blood*** and with the formation and circulatory effects of hypertensin. 
With a few exceptions confined to cases of acute hypertension, renin has not been 
found in the circulation of hypertensive patients, and recent experiments® have 
not supported the hypothesis which attributes the circulatory effects of renin 
exclusively to the action of hypertensin. 

The negative results of most attempts to detect renin in the blood of hyper- 
tensive patients have been criticized on the basis that “‘too much renin is expected 
and therefore too small a quantity of blood has been tested.’’"’ However, the 
application of such sensitive methods as that of Leloir and his associates,*- 
argues against this criticism. 

In the study to be presented here, larger quantities of plasma have been used 
for the determination of renin. Toxic effects, frequently associated with intra- 
venous injections of greater amounts of plasma-fractions, were minimized by a 


change in the method. 


MATERIALS AND METHODS 


Bovine Fraction 1V-1 (Armour) was used as hypertensinogen. The buffer 
solution was prepared as follows: 9.47 grams anhydrous disodium phosphate 
was dissolved in 1 liter (Solution A); 9.075 grams anhydrous monopotassium 
phosphate was dissolved in 1 liter (Solution B); 85 parts of Solution A plus 


15 parts of Solution B were mixed to obtain a pH of 7.4. 
The hydrogen ion concentrations were determined with a Beckman pH meter 


and a glass electrode. 
Dialysis was carried out in Visking cellulose sausage casings of 35 mm. 


width for six to eight hours against running tap water, and for forty-eight to 

seventy-two hours in the icebox against repeatedly changed distilled water. 
Incubation was carried out in tightly stoppered Erlenmeyer flasks in a con- 

stant temperature water bath at 37° Centigrade. Merthiolate (1:1000), 0.2 c.c., 


From the Laboratory of Pathology, Yale University School of Medicine, New Haven, Conn. 
Aided by a grant from the Commonwealth Fund. 
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was added as preservative. The enzymatic action was terminated by addition 
of 1.0 normal hydrochloric acid to bring the pH to 5.6 to 5.8. 


For the deproteinization the incubated fluid was transferred into Pyrex 
tubes of 200 c.c. capacity and then kept in boiling water for five minutes. Then 
1.0 normal hydrochloric acid was added, drop by drop, until maximum _ coagula- 
tion occurred, leaving a water-clear supernatant fluid. The pH at this point was 
determined repeatedly and found to be near 5.2. The coagulated proteins were 
removed through moist Whatman filter paper No. 1, size 15 centimeters. 


The preparation of hog renin used in these experiments has been described 
previously. For the preparation of hypertensin solutions the following procedure 
was carried out: 300 c.c. of 1.0 per cent hypertensinogen solution and 60 c.c. 
of the phosphate buffer were incubated for thirty minutes with 4.0 Swingle units 
of hog renin. The fluid was brought to pH 5.2 and deproteinized in boiling water. 
The protein-free filtrate was lyophilized, the residue was redissolved, and aliquots 
were bio-assayed. 


Assay of Hypertensin and Direct Assay of Renin.—Nembutalized and slightly 
heparinized small dogs or cats were used. In dogs, the femoral artery was 
cannulated and connected with a mercury manometer and the kymograph; 
in cats, in place of the femoral, the carotid artery was used. * The intravenous 
injections of the test fluids (total volume 10 to 12 c.c.) were made into a vein 
of the. foreleg in dogs and into the femoral vein in cats. In cats, a control in- 
jection of 10 c.c. of saline preceded the injection of the test fluid. 


The direct assay of renin was accomplished by intravenous injection of renin 
solutions into nembutalized small dogs. The rise in blood pressure was deter- 
mined as described. The renin units were calculated according to Swingle and 
associates.!” 


EXPERIMENTAL PROCEDURES 


Extraction of Hypertensinase-free Renin From Dried Plasma by the Use of 
40 Per Cent Ammonium Sulfate Solution.—Control Experiments: Known amounts 
of hog renin were added to 20 c.c. portions of heparinized dog plasma free of 
hemolysis. After lyophilization, the dried plasma powder was shaken for one- 
half hour with 25 c.c. of 40 per cent saturated ammonium sulfate solution, the 
undissolved parts were removed by centrifugation, and the supernatant fluid 
dialyzed until free of ammonium sulfate. The fluid was centrifuged again to 
remove minute amounts of a precipitate that had formed on dialysis and the 
supernatant fluid was then incubated with 150 c.c. of 1.0 per cent; hypertensinogen 
solution, 30 c.c. of buffer, and 0.2 c.c. of Merthiolate (1:1000) for ten minutes 
to four hours. After deproteinization, the protein-free filtrate, was lyophilized 
and the residue redissolved in 10 c.c. of distilled water. Dog plasma without 
addition of renin was extracted and processed in the same way. 


Preparation of Human Plasma.—Fifty cubic centimeters of whole blood were 
drawn into a heparinized syringe and transferred into a 50 c.c. centrifuge tube. 
Care was taken to obtain a plasma free of hemolysis. After lyophilization of the 
plasma it was treated in the same way as described for the control experiments. 


of hyper 


tensinase. 


TABLE I. 
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RESULTS 


RENIN IN HYPERTENSION 


Extraction of Renin Added to Plasma.—Two series of experiments of this 
type were carried out, indicating both the recovery of added renin and the absence 
Table I contains the pertinent figures of one of these series. 


RECOVERY OF RENIN ADDED TO NORMAL DoG PLASMA 


EXPERI- 
MENT 


NUMBER 


SWINGLE UNITS 
OF RENIN ADDED 


INCUBATION TIME 
(MINUTES) 


TEST ANIMAL 


BLOOD PRESSURE 


RISE 
(mM. Ho) 


Dog 


/ 
0 (Control) 


1/33 
1/33 
1/33 


120 
240 


MM. OF MERCURY 


and 2 Swingle units. 


20 


40 


6.0 8&0 


TIME IN MINUTES 


Fig. 1.—The rise in blood pressure following the intravenous injection, into a dog, of hypertensin 
formed on incubation of different amounts of renin with hypertensinogen: 
2, % unit of renin; 3, 1 unit of renin *; and 4, 2 units of renin. 


*Only one-half of the total hypertensin yield was injected. 


Special attention is directed to Experiment 3 of Table I. 
amount of hypertensin after thirty minutes, two hours, and four hours of incuba- 


tion is sufficient evidence for the absence of hypertensinase. 


In this sample only one-half of the total hypertensin yield was used in the bio-assay. 


Fig. 1 is a reproduction of the kymographic record obtained in Experiment 1. : 
As can be seen in Experiment 1, hypertensin formation is not dependent on the 
renin amount when relatively large quantities of renin are used, such as 1/2, 1, 
This has been reported previously.® 
times as applied in Experiment 2, even 1/12, 1/9, and 1/6 unit represent relatively 
large renin amounts; in consequence, the hypertensin yield is practically identical. 
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The problem of whether significant amounts of hypertensinase are soluble 
in 40 per cent saturated ammonium sulfate solution was studied in two separate 
sets of experiments. Freshly prepared scrapings of intestinal mucosa of a dog 
known toberich in hypertensinase' were lyophilized and extracted for one-half hour 
with 40 per cent saturated ammonium sulfate solution. The extract was cen- 
trifuged, the supernatant fluid dialyzed until free of salt and incubated for four 
hours with known amounts of hypertensin. The solution was then deproteinized, 
the filtrate lyophilized, and the residue redissolved and tested in a dog. The 
pressure effect of the equivalent amounts of nonincubated and incubated hyper- 
tensin was the same, indicating that no appreciable amounts of hypertensinase 
had been extracted from the intestinal mucosa. 


Sensitivity of the Extraction Method for Renin.—The sensitivity of the method 
was tested in two series of experiments in which 1/100, 1/200, and 1/300 Swingle 
unit of hog renin were added to 20-c.c. samples of dog plasma. The latter were 
then lyophilized and treated as described. The results of these two experiments 
were similar; the outcome of one is described in Table II and in Fig. 2. 


TABLE II. RECOVERY OF SMALL AMOUNTS OF RENIN ADDED TO NORMAL DoG PLASMA 


EXPERI- | | BLOOD PRESSURE 
MENT | SWINGLE UNITS | INCUBATION TIME TEST ANIMAL RISE 
NUMBER OF RENIN ADDED | (MINUTES) (mM. HG) 
| 
4 | 1/100 240 Cat 40 
1/200 28 


M M. OF MERCURY 
© 


TIME IN MINUTES 


Fig. 2.—-The rise in blood pressure following the intravenous injection, into a cat, of hypertensin 
formed on incubation of different amounts of renin with hypertensinogen: 1, Control (no renin); 
2, 1/300 unit (Swingle) of renin; 3, 1/200 unit of renin; and 4, 1/100 unit of renin. 


As can be seen, a renin amount of 1/300 of a unit in 20 c.c. of plasma was 
detectable in a bio-assay on this particularly large cat (weight, 3.6 kilograms). 
In a second experiment with a test cat of 1.9 kilograms, the hypertensin formed 
from 1/300 of a unit of renin elevated the blood pressure 41 millimeters. It is 
very probable, therefore, that 1/400 to 1/500 Swingle unit of renin in 20 c.c. 
of plasma can be detected. 
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A pplication of the Method to the study of Plasmas of Hypertensive Patients.*— 
Pertinent data referring to the plasma of fifteen hypertensive patients who had 


no past history of renal disease follow. 
Case 1.—Blood pressure, 270/130. Renin in plasma: 0. The patient was a 75-year-old 
white man who had had known hypertension for three years. The fundi showed blurring of the 
discs and two small, shiny, white patches. Death occurred from left ventricular failure one week 
after blood sample was taken. Autopsy showed generalized arteriosclerosis. The kidneys showed 
advanced arterio- and arteriolosclerosis, with hyalinization of many glomeruli and tubules. 
CasE. 2.—Blood pressure, 220/120. Renin in plasma: 0. The patient was a 56-year-old 
white man who had had known hypertension and diabetes for three years. Cardiac decompensa- 
tion began in 1947. The nonprotein nitrogen was 117 mg. per cent. Urine examination showed 


a 4-plus albumin and granular casts. 

CasE 3.—Blood pressure, 190 to 230/120 to 130. Renin in plasma: 0. The patient was a 
54-year-old white woman who had had known hypertension and diabetes for four years. The 
nonprotein nitrogen was 26 mg. per cent. There was hypertensive retinopathy. 

CasE 4.—Blood pressure, 225 to 250/120 to 135. Renin in plasma: 0. The patient was a 
51-vear-old white woman with known hypertension for one and one-half years. The fundi showed 
small hemorrhages, with obliteration of both discs. 

CasE 5.—Blood pressure, 220/140. Renin in plasma: 0. The patient was a 56-year-old 
white woman who had had known hypertension and diabetes for two years. She had a cerebral 
vascular accident and developed pyelitis. The nonprotein nitrogen was 40 to 50 mg. per cent. 
Urine examination showed no casts, no red cells, and many white cells. 

Case 6.—Blood pressure 230/120. Renin in plasma: 0. The patient was a 72-year-old 
white man who had had known hypertension for twenty years. The fundi showed arteriovenous 
nicking, with many old linear scars and pigmentations, and scattered flame-shaped hemorrhages. 
The nonprotein nitrogen was 44 mg. per cent. Urine examination showed no albumin, no red cells, 


and a few hvaline casts. 

CasE 7.—Blood pressure, 230/125. Renin in plasma: 
Negro man who had had known hypertension for four years. 
of cataract. There was a slight cerebral vascular accident. 
per cent. The phenolsulfonphthalein test was 65 per cent in four hours. 
showed no red cells and no albumin; the specific gravity was 1.025. 

CasE 8.—Blood pressure, 200 to 240/104 to 130. Renin in plasma: 0. The patient was a 
70-year-old white woman with known hypertension for twenty years. There was blurring of 
vision. A cerebral vascular accident occurred. The nonprotein nitrogen was 25 mg. per cent. 
Urine examination showed no red cells, albumin, or casts. 

CasE 9.—Blood pressure, 210/100. Renin in plasma: 0. The patient was an 81-year-old 
white man who had had known hypertension for five years. There was a slight cardiac decom- 
pensation, with a nonprotein nitrogen of 41 mg. per cent. Urine examination showed no red cells, 


albumin, or casts. 

Case 10.—Blood pressure, 220/115. Renin in plasma: blood pressure elevation of test cat 
was 20 mm. of mercury. The patient was a 72-year-old white woman who had had known hyper- 
The fundi showed normal discs, with marked narrowing and silver- 


0. The patient was a 50-year-old 
The fundi were not visible because 
The nonprotein nitrogen was 31 mg. 
Urine examination 


tension for five to ten years. 
wiring of arteries. There were no hemorrhages or exudates. 


Case 11.—Blood pressure, 220/120. Renin in plasma: 0. 
white woman who had had known hypertension for over twenty years. The nonprotein nitrogen 
was 35 mg. per cent. The fundi were benign. Urine examination showed a trace of albumin with 


The patient was a 61-year-old 


no red cells and no casts. 


*The blood samples were obtained through the courtesy of the Medical and Obstetrical Services 
affiliated with the Yale School of Medicine. 
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CasE 12. Blood pressure, 220/120. Renin: 0. The patient was a 57-year-old Negro man 
who had had known hypertension for nine years. ‘The fundi showed no hemorrhages or exudate. 
The nonprotein nitrogen was 35 mg. per cent. Urine examination revealed no casts, no red cells, 
and no albumin. 


Case 13.—Blood pressure, 180/100. Renin: 0. ‘The patient was a 65-year-old white 
woman who had had known hypertension for two years. The nonprotein nitrogen was 35 mg. 
per cent. Urine examination showed no casts, red cells, or albumin. 


Case 14.—Blood pressure, 205/105. Renin: 0. The patient was a 71-year-old white man. 
The duration of hypertension was not known. The fundi were normal. Urine examination showed 
no red cells, no casts, and no albumin. 


Case 15.—Blood pressure, 250/120. Renin in plasma: blood pressure elevation of test cat 
was 45 mm. of mercury. The patient had been a known hypertensive for many years. The blood 
was drawn during serious cardiac decompensation, 


The plasma samples of thirteen of the fifteen patients were definitely nega- 
tive; the two positive samples will be discussed later. 


The following three plasma samples were obtained from patients suffering 
from toxemia of pregnancy. 


CasE 16.—Blood pressure, 155/100. Renin in plasma: 0. The patient was a 49-year-old 
white woman with toxemia of pregnancy. There was a transient slight hypertension, the blood 
pressure varying from 135/92 to 155/100. The fundi were normal. Urine examination gave a 
2 plus to 3 plus test for albumin; no red cells, and no casts were present. 


CasE 17.—Blood pressure, 198/110. Renin in plasma: blood pressure elevation of test cat 
was 14 mm. of mercury.. The patient was a 43-year-old white woman with toxemia of pregnancy. 
The nonprotein nitrogen was 29 mg. per cent. Urine examination gave a 3 plus test for albumin, 
with no casts. Blood pressure after delivery was 135/76. Recovery was uneventful. 


Case 18.—Blood pressure, 170 to 182/110 to 128. Renin in plasma: 0. The patient was a 
25-year-old white woman with toxemia of pregnancy. The nonprotein nitrogen was 31 mg. per 
cent. Urine examination gave a 2 plus test for albumin, no red cells, and no casts. Blood pressure 
after delivery was 140/70. 


The last three patients had a history of kidney involvement. The test on one 
(Case 20) was negative, that on another (Case 19) led to a rise in pressure of 
11 mm. of mercury. Since repeated control injection with 10 c.c. of saline re- 
sulted in blood pressure rises of 8 to 10 mm. Hg, the comparable test rise of 11. mm. 
was considered insignificant. 


Case 19.—Blood pressure, 230/160. Renin in plasma: blood pressure elevation of test cat 
11 mm. of mercury. The patient was a 41-year-old white man. Five years ago he had noted 
swelling of the face. At that time he had albuminuria and hypertension. In 1947 the patient 
complained of polyuria and nocturnal dyspnea. In 1948 there was loss of visual acuity. The 
fundi showed choked discs, with slight papilledema, the arteries were partially obliterated, and 
there were innumerable scattered fresh and old hemorrhages. He died in left ventricular failure 
two months after the blood sample was taken. The autopsy findings were those of malignant 
nephrosclerosis. ‘There were acute arteriolar changes such as necrosis and thrombosis. The sur- 
face of the kidneys was granular, with some petechial hemorrhages. 


Case 20.—Blood pressure, 240/120. Renin in plasma: 0. This patient was diagnosed 
clinically as having chronic glomerulonephritis. 
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Case 21.—Blood pressure, 190 to 210/110 to 130. Renin in plasma: blood pressure elevation 
of test cat was 14 mm. of mercury. The patient was a 55-year-old Negro man who had had 
hypertension for five years. The fundi showed markedly tortuous vessels with arteriovenous 
nicking; there were no hemorrhages. ‘There was a cerebral vascular accident. ‘The nonprotein 
nitrogen was 44 mg. per cent. Urine examination showed slight albumin, no red cells, and many 
granular casts. The patient died in cardiac failure nine days after the blood sample was taken. 
Autopsy findings were those of generalized arteriosclerosis with moderately arteriosclerotic kid- 
neys. The glomeruli were swollen and cellular. 


DISCUSSION 


Hog renin added to freshly prepared dog plasma was extracted with 40 per 
cent saturated ammonium sulfate solution from the plasma after its lyophiliza- 
tion. This method of extraction of renin and separation from hypertensinase 
seems to be satisfactory for the enzymatic determination of small renin quantities 
in large plasma amounts. It was used to reinvestigate the presence of renin in 
the blood in human cases of hypertension. No trace of renin was found in 
thirteen plasma samples of a series of fifteen patients with “‘essential’’ hyperten- 
sion. The blood sample of the fourteenth patient, withdrawn when the patient 
was in acute cardiac failure, indicated the presence of renin. In the light of 
recent reports” describing the occurrence of renin in the blood in cardiac decom- 
pensation, this positive result might be ascribed to the passive congestion of the 
kidney. There was no trace of renin in the plasma samples of two of three patients 
with toxemia of pregnancy, nor was there any significant renin action in the plasma 
samples of two of three patients with ‘‘renal’’ hypertension. The two positive 
samples of the last two series, as well as the one of the first series, were associated 
with such small hypertensin formation (blood pressure rises of 14, 14, and 20 
mm. Hg) that only traces of renin could have been present in the blood. These 
traces were by far too small to elicit even the slightest pressor effect on direct 
intravenous injection. The conclusion, therefore, seems warranted that there 
is no significant relationship between the occurrence of renin and the elevation 


of blood pressure in human cases of hypertension. 


SUMMARY 


Renin free of hypertensinase has been extracted from lyophilized plasma by 
aid of a 40 per cent saturated ammonium sulfate solution. Application of this 
method to twenty-one patients with hypertension gave seventeen negative, one 
moderately positive, and three slightly positive results. The moderately positive 
blood was withdrawn from a patient with acute cardiac decompensation and prob- 
ably cannot be ascribed to the earlier hypertension. The three slightly positive 
cases indicate quantities of renin that are much too small to elicit even a minimal 


pressor effect on intravenous injection. 
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THE HEART MUSCLE AND THE ELECTROCARDIOGRAM IN 
CORONARY DISEASE 


I. SURVEY OF STANDARDS AND METHODS FOR 
OBTAINING THE ANATOMIC DATA REQUISITE 
FOR CLINICOPATHOLOGIC CORRELATION 


WARNER F. SHELDON, M.D., AND JoHN J. SAYEN, M.D. 
PHILADELPHIA, Pa. 


HE aim of this investigation was to answer the question: To what ex- 

tent is it possible to correlate the electrocardiographic pattern of patients 
suspected of having coronary disease with myocardial damage demonstrable 
at the autopsy? To this end we have studied the distribution, size, shape, and 
probable duration of infarcts and scars in the ventricular walls of a series of 
patients in many of whom electrocardiograms had been recorded shortly be- 
fore death. 

It was soon apparent that the relevant facts could not be obtained by re- 
viewing old autopsy protocols or by employing the usual (Virchow) technique 
of pathologic examination. Consequently, a method of serial slicing and mul- 
tiple microscopic sectioning was adopted. The more complete data thus made 
available proved difficult to describe and record accurately or to visualize 
clearly. It was necessary, therefore, to replace written protocols by pictorial 
records of the actual appearance of the serial slices. In addition, a method 
was devised for representing lesions schematically, aimed at illustration of the 
relevant pathologic facts and based on certain convenient characteristics of 
the ventricular anatomy, the epicardial ramifications of the coronary arterial 
tree, and the observed distribution of myocardial lesions. This permitted easy 
visual correlation of the data for any one heart as well as comparison of that 
heart with others of the series, and greatly expedited the organization of our 
material. 

The results of clinicopathologic study of 200 cases by these methods form 
the subject matter of this study. Some of the findings have already been out- 
lined in a preliminary communication.! 

Part I is concerned with the pathologic éxamination of the heart muscle: 
its importance, its difficulties, the errors which result from unawareness of the 
difficulties, and the methods of examination that are adequate to obtain the 
data necessary to answer the questions raised by modern clinical and electro- 
cardiographic study. 


From the Department of Pathology, School of Medicine, University of Pennsylvania, and the 
Edward B. Robinette Foundation, Medical Clinic, Hospital of the University of Pennsylvania. 

This investigation was aided by a grant fromthe Life Insurance Medical Research Fund, beginning 
July 1, 1947. 
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Part I] deals with the problems of the recording and illusirating of the 
pathologic data for clinical and electrocardiographic correlation, and with the 
description of a schema which will be used to make the subsequent presentation 
of data easier and clearer. 

In later sections of the report now in preparation, the electrocardiographic, 
patho'ogic, and clinical findings will be discussed. 


THE IMPORTANCE OF THE MYOCARDIAL EXAMINATION 


Precise localization of infarcts and scars in the heart muscle has not always 
been deemed important. The pathologists of the nineteenth century were 
more concerned with the nature than with the site of ‘‘fatty degeneration,” 
“myomalacia cordis,”’ “myocardial fibrosis,” ‘‘ventricular aneurysm,” and 
“coronary ossifications’’—-mysterious processes later unified under the concept 
of arterial sclerosis and occlusion with secondary myocardial infarction.2 As 
long as ‘‘arteriosclerotic heart disease’’ was diagnosed only in the autopsy room, 
and coronary thrombosis was thought to be a rare and inevitably fatal event, 
it was not thought that muscle lesions required more precise description than 
analogous lesions in the spleen, kidney, or lung. 

The combination, in 1918, of Herrick’s description of coronary thrombosis 
as a clinical entity’ and Smith's experimental production of electrocardiographic 
changes by coronary ligation in dogs‘ first stimulated general interest in local- 
izing muscle lesions.* The key to the diagnosis of occlusive coronary artery 
disease during life was seen to lie in a proper interpretation of pain, and of 
certain electrical phenomena—both reflections, not of the silent arterial lesions 
themselves, but of their effect on the blood supply of cardiac tissues. 

Since the limb-lead electrocardiogram, supplemented by a single precordial ' 
lead by Wolferth and Wood (1932),° diagnosed dependably only certain massive 
lesions, no real need was seen for pathologic localization of damage beyond dis- 
tinguishing ‘‘anterior,”’ ‘posterior,’ and “‘lateral’’ damage of major proportions. 
For this the routine technique of autopsy seemed to suffice, and descriptions by 
Parkinson and Bedford (1929),’ Whitten (1930),° and Barnes and Ball (1932)° 
appeared to provide adequate anatomic generalizations. 

As multiple precordial leads came into general use and more tracings were 
taken in cases suspected of coronary disease, it became clear that many electro- 
cardiographic patterns could be distinguished besides those of classical ‘‘an- 
terior,” ‘‘posterior,” and ‘“‘lateral’’ infarction. Terms like ‘‘anteroseptal,”’ 
“high lateral’? and ‘‘posterolateral,’’ ‘transmural,’ and “‘subendocardial” in- 
farction entered cardiologic parlance.'’ In addition, certain more sharply 
localized disturbances of the precordial ventricular complex were recognized 
frequently and attributed to myocardial damage." It was assumed that these 
electrocardiographic patterns reflected areas of damage smaller than those re- 
sulting from high occlusion of a major vessel; that such damage conformed to 
well-known pathologic anatomic patterns; and that its presence or absence in 
any particular case was readily verifiable at necropsy by the average prosector. 


*Herrick's original report (1912) excited surprisingly little interest, as he has observed. 
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It has generally been forgotten that few detailed descriptions of the form 
and location of areas of myocardial damage exist in the standard texts or mono- 
graphs on cardiac pathology, most of which were written before such informa- 
tion was of recognized importance. Despite the appearance of a host of clinico- 
pathologic and electrocardiographic studies in the last two decades, the gap 
has yet to be filled. The reader who attempts to gain a clear conception of 
the type of lesion that is found at necropsy in patients suffering from angina 
pectoris or coronary thrombosis, or of the diagnostic efficiency of the multiple 
chest lead electrocardiogram, is overwhelmed by complex, confusing, or even 
contradictory data. When observers differ, there are no criteria for distinguish- 
ing good data from bad. When failures of correlation occur there is no way 
of telling whether they are due to defects of clinical study, of electrocardio- 
graphic analysis, or of the autopsy itself. The only hope of reconciling these 
inconsistencies is through balanced studies wherein equal skill and attention 
are directed to the clinical, electrocardiographic, and pathologic aspects of a 
large series of patients. 


An essential first step is realization that the standard autopsy technique 
never was designed to answer the questions or check the diagnostic claims of 
present-day electrocardiographic and clinical study. However, without using 
any new pathologic techniques, much can be accomplished by redeployment 
of familiar methods. In particular, a systematic exploration of the ventricular 
muscle mass must be the central consideration of the autopsy whenever clinico- 
pathologic and electrocardiographic correlation is intended; for the muscle 
lesions, in the present state of our knowledge, form the main bridge between 
clinical and pathological observations. The examination of the heart muscle 
is in itself exacting and treacherous, presenting certain problems which it will 
be well to consider before proceeding further. 


PITFALLS OF THE MYOCARDIAL EXAMINATION 


Adequate study of the heart at autopsy, especially if electrocardiographic 
correlation is intended, requires more time, patience, and attention to detail 
than are usually allocated. The gross anatomy of discrete lesions, their size, 
shape, and position, has to be determined accurately. Moreover, it is neces- 
sary for the prosector to bring a representative portion of every damaged area 
under the microscope for the ultimate determination of the nature and age of 
lesions. In practice, not only is it impossible to accomplish these things by a 
hasty or unsystematic dissection, but even a time-consuming study can result 
in wrong conclusions unless certain prevalent errors are specifically guarded 
against in every case. These errors are of three varieties: 


1. Lesions May Never Be Seen at All.—TYoo often they are completely 
buried in the ventricular wall and only a slice through it will disclose them. 
The longitudinal cuts of the “Virchow” technique were never designed to ex- 
pose large surfaces of muscle but were meant primarily to open the chambers 
and display the valves. Failure to make numerous regularly spaced cuts 
through the ventricular substance involves the risk of missing smaller or un- 


__| 
LVS 
re 
” 
nd 
pt 
As 
n, 4 
it, 
in 
is 
: 
ic 
of 
IS “a 
‘ 
“ 
9 
| 
| ‘ 


520 AMERICAN HEART JOURNAL 


usually placed lesions. ‘These are more common than is generally realized. 
Moreover, early acute lesions may produce little or no gross change in the 
muscle. Consequently, the clinical history of pain, falls in blood pressure, or 
electrocardiographic changes must be available. The only indication for sus- 
pecting myocardial damage may be stenosis of a coronary branch. 


2. Lesions May Be Misinterpreted.—Gross appearances are often de- 
ceptive. Recent infarcts may be confused with normal, autolyzed, incom- 
pletely fixed, or fatty muscle, or with vascularized scars. In the coronary 
arteries the significance of clots (ante-mortem or post-mortem), atherosclerotic 
plaques, or hemorrhages may not be clear. Error may be largely avoided if 
all gross diagnoses are checked by microscopic sections. Indeed, it is only 
through the microscopic study that we can establish with any certainty the 
age of myocardial or coronary lesions. Even so, very recent lesions, those less 
than six hours old, show no discernable histologic changes." In these the 
functional state of the muscle can only be suspected from the implications of 
the coronary lesions and the clinical and electrocardiographic examinations. 


3. The Position and Anatomic Relationship of Lesions May Be Incor- 
rectly Determined.—In addition to finding damaged areas by dissection and 
identifying their nature by the microscope, it is necessary to establish their 
position and shape if correlation with the results of clinical diagnostic methods 
is intended. This is difficult or impossible when using the conventional methods 
of opening the heart. Once longitudinal cuts have been made in the ven- 
tricles, further slicing reduces them to bewildering fragments and the specimen 
becomes of little further use. It is then impossible for the prosector to relate 
accurately the lesions to the recognized cardiac landmarks. It is essential, 
therefore, to cut the heart thoroughly to pieces, yet provide for reconstruction 
of its original form by making the cuts in some standard way. 


THE LITERATURE 


Failure to avoid the pitfalls of the myocardial examination explains many 
of the confusing features of the recent clinicopathologic literature of coronary 
disease. Many seeming inconsistencies can be resolved by evaluating papers 
on the basis of the method of pathologic examination employed. Most studies 
fall into one of three groups: (1) those in which the authors have not personally 
examined their material but have used autopsy protocol data; (2) those in 
which the examination of the myocardium, though performed personally by the 
investigators, was subsidiary to an investigation of some other problem; and 
(3) those in which the examination was done personally by the investigators 
and a coordinated gross and microscopic study of the myocardium was the 
main objective. As one would expect, the data accumulated by these dif- 
ferent method are quite diverse. 

1. The first type of study is notoriously unreliable. Routine dissections 
of the heart, even if not delegated to inexperienced apprentices, consist at best 
of a relatively thorough examination of the anterior left ventricular wall and 
apex, a cursory examination of the posterior wall, a few random cuts through 
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ized. the ventricular muscle, and dissection of the first few centimeters of the main 
the coronary arteries. Rarely are more than one or two microscopic sections of 
*, Or the muscle taken, and these may not be correlated with the gross findings. 
sus- In other words, no effort is made to avoid the errors listed earlier. 
It is fallacious to suppose that the mere size of any series will protect 
de- against errors. The mistakes of the routine autopsy protocol are not of the 
om- random variety that tend to cancel out; instead, the same types of error keep 
lary recurring. Easily found ‘‘anterior’’ infarcts or scars are reported as more com- 
otic mon than “‘posterior’’ or “‘lateral’’ lesions which require more systematic search. 
d if The type of lesion found becomes stereotyped and oversimplified because those 
nly which do not conform to the prosector’s idea of “‘anterior,’’ “‘posterior,’’ and 
the “lateral’’ are crowded into one of these categories willy-nilly or else dismissed 
less as “‘diffuse’”’ or “‘patchy.’’ One can, indeed, recognize studies based on routine 
the autopsy protocols by the very character of the data they report. 
on Unfortunately, a large and increasing number of clinicopathologic studies 
fall into this first group, most often the work of investigators whose primary 
-or- interest is electrocardiography. The sheer mass of the data has convinced 
ind many that the major pathologic problems of the muscle lesions in coronary 
eir disease are settled. The frequent inconsistency between clinical and patho- 
ds logic observation is too often imputed to the lack of precision of clinical 
rds methods and not often enough to the pitfalls of the autopsy. The average 
“n- clinician accepts the protocol at its face value and discounts his clinical findings 
en accordingly. The average pathologist sees little reason for expending the 
ite time and work required for the revision of a pathologic method which has long ; 
al, been, and apparently still is, quite satisfactory to most clinicians. . 
on 2. The second type of investigation proceeds on the assumption that 
adequate myocardial data can be collected incidental to studies of other fea- 
tures of coronary disease. The major papers have been concerned primarily 
with coronary artery injection and perfusion for the determination of anasto- : 
ty moses and collateral circulation. The value of such studies for electrocardio- : 
ne graphic and clinical correlation is very limited, though they have added much ) 
aa to knowledge of the coronary circulation. These methods have been employed 
- by careful workers who have examined the hearts themselves and, con- 
yy sequently, who have found more lesions, both myocardial and coronary, than 
™ are reported in studies of the first type considered. 
le There have been unfortunate consequences of this work which have hin- ; 
d dered rather than expedited adequate study of the heart muscle. The striking % 
'S pictures provided by the radiopaque injection techniques have tended to di- 
e minish interest in the more prosaic myocardial exploration, giving rise to an 
- impression that the hallmark of a thorough pathologic examination is a roent- 
genogram of an injected and “unrolled’’ specimen. Injection alone is no guar- 
s antee of a good necropsy. The errors mentioned before are just as likely to 
t occur unless special precautions are taken. In addition there is great proba- 
] bility that the microscopic study will be distorted by the saline or thiocyanate 
1 perfusion that accompanies the injection. 
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Although the muscle examination performed after injection and unrolling 
of the heart cannot be entirely satisfactory, it can be done carefully enough 
to bring out the great variety of lesions that occur. In contrast to the over- 
simplified picture resulting from routine examinations, these investigators 
find an extremely complex situation. As a result, many workers feel that 
painstaking myocardial examination is scarcely worth the time because the 
vagaries of arterial anomaly, stenoses, occlusion, and collateral circulation lead 
to unpredictable variability in myocardial lesions. It seems probable that in 
a majority of cases the truth lies somewhere between the oversimplified and 
the hopelessly complex view. 

3. The third group of papers is made up of studies by investigators who 
have personally examined hearts with the object of obtaining more information 
about the myocardium. The papers are not numerous and because of their 
importance are worthy of enumeration. 

In their monograph, Biichner, Weber, and Haager (1935) present careful 
studies of the myocardium and coronary arteries in a series of forty-three cases. 
These findings were correlated only with standard limb-lead electrocardiograms. 
They distinguished sharply between patchy subendocardial and massive trans- 
mural lesions, attributing the former to ‘coronary insufficiency,”’ but did not 
concern themselves greatly with localization beyond the conventional ‘‘an- 
terior’’ and “‘posterior”’ sites. 

‘About the same time Jervell (1935)" reported a series of sixty-nine cases 
in which he carefully described and illustrated the lesions found in the coro- 
nary arteries and myocardium. The muscle lesions were only roughly localized, 
however, and he failed to note the relationship of lesions to the endocardial or 
epicardial surfaces of the heart. He used a single precordial electrode in ad- 
dition to the standard limb leads. 

Friedberg and Horn (1939) presented more evidence bearing on the prob- 
lem of coronary insufficiency when they found thirty-seven cases of myocardial 
infarction without coronary thrombosis (among 119 acute infarcts) in a series 
of 2,000 autopsies. Each heart was carefully examined by the authors, special 
attention being given to the myocardial lesions. In these cases they empha- 
sized the frequent occurrence of acute necrosis in the left ventricle, especially 
in the subendocardial regions or in areas of old scarring. 

As a result of their interest in the muscle bundles of the ventricles, Robb 
and Robb," and Lowe!’ have noted the tendency of myocardial lesions to run 
circumferentially in the wall of the left ventricle, often assuming the shape of 
a thin, curved plate. They claimed a special relationship between lesions and 
the muscle bundles and attempted electrocardiographic correlation on this 
basis. 

In 1945 Pardee and Goldenberg'® re-examined the myocardium of twelve 
hearts rescued from the Pathology Department Museum of the New York 
Hospital. Besides attempting to determine the precise character and location 
of lesions, they paid special attention to the relationship of lesions to the endo- 
cardial and epicardial surfaces of the ventricles. These findings were corre- 
lated with electrocardiographic studies which included a single precordial lead. 
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In a few isolated case reports by Langendorf and Kovitz (1942),!* Price 
and Janes (1943),?° and Pirani and Schlichter (1946)! special study of the myo- 
cardium was carried out. The lesions they found were largely subendocardial 
in position. These they have reported as rarities, but further study has shown 
this to be a common finding. 

The information accumulated by the investigators comprising the third 
group is different from that reported in most studies. Having diligently ex- 
plored the myocardium, they have been impressed by a high frequency of dis- 
crete lesions, especially in the septal and posterolateral regions, as compared 
with the classical types; by the common occurrence of multiple lesions of dif- 
ferent ages in the same heart; and by the practical limitation of damage to the 
left ventricle. Some have noted the frequency of subendocardial damage, 
often in the absence of coronary occlusion. All have found fewer discrepancies 
between clinical and electrocardiographic observations and the autopsy than 
are usually reported. 

As a whole, these reports confirm the statement made earlier that careful 
study yields important information not obtainable by ordinary routine methods. 
They tend to invalidate the bulk of the literature without providing enough 
uniform data to fill its place. In addition, these reports are unsatisfactory for 
present-day electrocardiographic pathologic correlation studies because none 
have used multiple precordial leads and because their pathologic techniques, 
while superior to the routine autopsy, do not provide enough accuracy of locali- 
zation. Hitherto this fact appears to have been recognized only by three groups 
of investigators. 


In Kossmann and De La Chappelle’s series of twelve cases (1938-1939) ,” 
their pathologic method consisted of serially slicing the muscle and cross-sec- 
tioning the coronary arteries. Multiple microscopic sections were used to con- 
firm the gross diagnosis. As far as we know, these are the first cases with mul- 
tiple precordial lead electrocardiograms in which the pathologic examination 
was adequate. 


Recently Myers, Klein, Stofer, and Hiratzka (1947)*> have begun a series 
of reports based on a careful study of the myocardium. After studying 167 
hearts at autopsy by the injection-dissection technique of Schlesinger,*‘ they 
shifted to a serial slice, multiple microscopic section technique that leaves 
little to be desired. For correlation they have used multiple precordial lead 
electrocardiograms. As yet, the anatomic results of this study have not been 
published. 


In 1939-1940 we became interested in this problem, and with the aid and 
encouragement of Dr. C. C. Wolferth and Dr. E. B. Krumbhaar, began a care- 
ful autopsy study of hearts in patients with coronary disease, especially those 
who had had thorough precordial lead electrocardiographic study. We 
adopted, as the best technique available, the serial slice method as used by 
Lowe and others (we were not then familiar with Kossmann and De La 
Chapelle’s work). In this regard, it is interesting to note that Myers and as- 
sociates have independently arrived at a pathologic technique similar to ours. 
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REQUISITES OF AN ADEQUATE TECHNIQUE 


Because of the general lack of understanding of the importance and dil- 
ficulty of the myocardial examination, it is urgent that definite criteria be es- 
tablished for estimating the adequacy of myocardial study. These will be use- 
ful not only as a guide to those performing the examination, but as a yardstick 
for those who read and evaluate papers based on anatomic studies. We have 
found the following general principles fundamental: 

1. Large areas of muscle must be exposed in a systematic way. 

2. The main epicardial branches of the coronary arteries must be care- 
fully cross-sectioned at short intervals. 

3. Carefully marked microscopic sections from the muscle and arteries 
must form the basis for the final decisions regarding age and localization of 
lesions. 

4. The observer must keep himself oriented at all times so as to be able 
to correlate his various findings, gross and microscopic. To this end, the dis- 
section should produce pieces suitable for reconstructing the heart easily. 

5. Clinical and electrocardiographic data must be available at the time 
of the pathologic examination. 

6. Nothing must be done that will impair the accuracy of microscopic 
study. In particular, saline perfusion or prolonged autolysis, both of which 
make interpretation of early acute infarction difficult, should be avoided. 


SERIAL SLICE TECHNIQUE 


It is difficult to satisfy these fundamental criteria without resort to a slic- 
ing technique. A method we can recommend after thorough study, the de- 
tails of which will be given in later papers, can be outlined briefly as follows: 

The heart is removed from the body intact. The coronary arteries are 
cross-sectioned at short intervals, and blocks for microscopic sections are cut 
from them. The ventricular myocardium is then cut into eight to twelve 
slices of uniform thickness in a plane perpendicular to the long axis of the left 
ventricle.* The blocks of tissue which are removed for the preparation of 
microscopic sections are carefully marked, and orientation is preserved by 
including the full thickness of the wall, endocardium to pericardium. The 
suspicion of muscle damage is eliminated or confirmed on the basis of micro- 
scopic study: the implications of the clinical, electrocardiographic, and coro- 
nary artery data are followed up in all cases but especially for the discernment 
of very recent damage, for the evaluation of ischemic states not necessarily 
causing histologic changes, and for the analysis of complex multiple lesions. 


COMMENT 


We began this study using a radiopaque injection technique for the study of 
the coronary arteries.**| This method gives an excellent picture of the arterial 


*So that the slices may be uniform, the heart is fixed in formalin or Klotz solution for twenty-four 
to forty-eight hours before slicing. A mechanical slicer is useful but not essential for this work. The 
auricles may be removed or not, as desired. 
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tree, best displayed by stereoscopic roentgenography of the uncut heart. In- 
jection studies certainly add information about the completeness of severe 
narrowings and the presence or absence of larger anastomoses, under the con- 
ditions of post-mortem perfusion. However, they have certain disadvantages 
to which allusion has already been made. Saline cr thiocyanate perfusion and 
delayed fixation, essential parts of the procedure, produce artefacts in the 
muscle which may seriously interfere with the histologic diagnosis of early 
acute infarction. The presence or absence of such early lesions is often a point 
on which the whole clinicopathologic interpretation of a case turns, yet they 
are admittedly the most difficult to evaluate. Additional knowledge of anas- 
tomoses does not seem sufficient justification for risking mistakes in this regard. 
In the final analysis the ability of collaterals to provide an adequate supply 
of blood can only be estimated by studying the condition of the muscle itself. 
The summation of the effects of fall in blood pressure, vasoconstriction, or 
changes in cardiac work and oxygen supply cannot otherwise be evaluated at 
necropsy in the present state of our knowledge. Because of these consider- 
ations we have abandoned injection of the coronary vessels except under special 
circumstances. 

The problems of finding the location and character of myocardial lesions 
are of more than academic interest. The confused state of knowledge of the 
natural history of coronary disease stems directly from the failure to recognize 
and solve these problems. Though there are deficiencies in pathologic tech- 
niques which themselves call for research, it is not these primarily which are 
responsible for the confusion, but rather the failure to use known techniques well. 

The principles we have outlined must be kept in mind when evaluating 
any clinicopathologic study of coronary disease. The reader would be wise 
to reject from serious consideration any studies based on routine autopsy pro- 
tocols or those whose authors are not sufficiently cognizant of the pitfalls of 
the pathologic examination to make any mention of how or by whom it was 
done. He should eye with suspicion aay article claiming to have obtained 
adequate facts about the myocardium if its study is incidental to some other 
type of investigation which might interfere with histology or complete dis- 
section, for success under such conditions is most unlikely. 


SUMMARY 

Accurate localization of muscle damage at the autopsy is of fundamental 
importance for clinicopathologic correlation in coronary disease. Routine au- 
topsy tehnique is unsuitable. Precise localization of muscle lesions requires 
not only thorough gross and microscopic scrutiny of the ventricular myocar- 
dium, but multiple cross-sectioning of the epicardial coronary arteries and 
reference to relevant clinical and electrocardiographic findings while dissecting 
the heart. Examinations less systematic than this fail to protect against 
serious errors which account for much inconsistency and confusion in the 
literature. 

Although the number of clinicopathologic studies of coronary disease is 
large, adequate, detailed information about the state of the heart muscle is 
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seldom provided. Studies in which the myocardial examination has a central 
place, however, consistently report more lesions and show better correlation 
with clinical and electrocardiographic data. This investigation attempted to 
combine scrutiny of the ventricular myocardium with multiple precordial lead 
electrocardiograms and adequate clinical data in a series of 200 autopsied 
patients. 

Attempts to modify existing pathologic methods have led to a technique, 
deserving of wider use, whereby the ventricular myocardium is explored by 
serial slices. Carefully located and oriented blocks of tissue removed from 
gross lesions and areas under suspicion are examined microscopically to deter- 
mine the extent and nature of muscle changes and the state of the coronary 
vessels. While unsuited to routine use, this type of examination is a necessity 
for every case to be included in a clinicopathologic series aimed at electrocardio- 
graphic correlation. The present paper is concerned with the principles of an 
adequate pathologic examination in coronary disease and with description of 
the method used in our studies. 


Since this paper went to press additional communications from Gordon Myers and his co- 
workers have been published in the AMERICAN HEART JOURNAL and will be considered in later 
sections of our report. 
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THE RELATION OF CARDIOVASCULAR DISEASE TO APOPLEXY 


A Review or 155 Cases With Autopsy 
P. Hicks, M.D.,* anp Boyp K. M.D., Lt. (M.C.) U.S.N.7 
WASHINGTON, D. C. 


EREBRAL vascular accident, or apoplexy, is now the third leading cause 

of death in this country, ranking only after heart disease and cancer. It 
has become increasingly evident that rupture of sclerotic arteries and thrombosis 
do not account for many of these accidents. Many infarcts are found in the 
absence of thrombosis, and Scheinker' has shown that many hemorrhages are the 
result of bleeding from the deep venous systems. These veins in the striatal and 
periventricular regions are vulnerable to disease,?* and show evidence of stasis 
and “‘vasoparalysis”’ in cases of hypertensive hemorrhage. The question arises 
whether these phenomena, which appear to be largely anoxic, are the result of 
systemic circulatory failure or of functional vascular changes in the brain. 

The part played by spasm in cerebral vascular accidents and hypertensive 
encephalopathy has been shown clinically and experimentally to be perhaps the 
most important primary factor, by many workers, including De Takats,® Russek 
and Zohman,* Askey,’? and Echlin.* The mechanism which stimulates the spasm 
is obscure. There are several possibilities. It may be an intrinsic neuro- 
vascular reaction of the hypertensive state. Emboli from the heart may possibly 
induce widespread spasm in other unoccluded branches of the cerebral arteries. 
The high blood pressure itself may cause a smooth muscle contraction in response 

to stretching.’ Circulatory anoxia may stimulate vasoconstriction, as suggested 
by the work of Trueta and associates,’ who demonstrated that prolonged arterial 
spasm often follows temporary ischemia in a tissue. 

With these questions in mind, especially in relation to the possible role of 
systemic circulatory failure in the production of apoplexy, we undertook to 


i analyze 155 cases of cerebral vascular accident confirmed by necropsy. Study 
. was directed toward establishing the presence or absence of anatomic heart 
. disease, congestive failure, other forms of circulatory failure, the hypertensive 


state, and cerebral vascular disease. 


MATERIAL FOR STUDY 


The material for this study consisted of 155 patients who died from apoplexy. 
They were studied at the Gallinger Municipal and Georgetown University 
Hospitals, Washington, D. C., and the United States Naval Medical Center, 
Bethesda, Md. In all instances the apoplexy was the cause of death or a major 
factor in bringing it about. The lesions were relatively acute and usually fairly 
large. The numerous cases of small, old infarcts, which are often seen at autopsy, 


From the Departments of Pathology, Georgetown University Medical Center, Washington, D. C., 
and the Naval Medical Center, Bethesda, Md. 

The opinions expressed are those of the authors, not of the Navy Department. 

*Now with the Departments of Pathology of the New England Deaconess Hospital and Harvard 
Medical School, Boston, Mass. 
tNow a Fellow in Pathology at the Washington University Medical School, St. Louis, Mo. 
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were not included because the local vascular relationships could not be accurately 
analyzed. Our series contains no cases associated with rheumatic heart disease, 
only because none with fatal apoplexy were seen. Inflammatory diseases, 
including two cases of bacterial endocarditis with cerebral hemorrhage, were 
not incorporated in the study. 

The brains were examined in the manner used in many pathological labora- 
tories. The meninges, vessels, and superficial appearance were studied in the 
fresh state. After fixation in formalin the brain stem was removed by section 
through the midbrain. The forebrain was cut serially in frontal sections about 
0.5 to 1.0 cm. in thickness. The brain stem and cerebellum were similarly 
cut, but the sections were thinner. Appropriate microscopic examinations were 
made from the lesions as well as from apparently normal regions. Paraffin- 
embedded material stained with hematoxylin and eosin was most often employed, 
but phosphotungstic acid hematoxylin, myelin sheath, and Bodian stains were 
sometimes used. 

For purposes of analysis the patients fell into four arbitrary categories: 
those with hemorrhage, infarction with thrombosis, infarction without thrombosis, 


and ruptured aneurysm (see Table I). 


CEREBRAL LESIONS IN 155 CASES OF APOPLEX\ 


TABLE I. 


Hemorrhage 118 


Infarction with thrombosis 12 
Infarction without thrombosis 11 
Ruptured aneurysm 14 


The cases are summarized in Table II, where clinical and pathologic data 
pertinent to the study are recorded. In this table, under “‘hypertension,’’ the 
highest blood pressure found on admission to the hospital is noted, and its dura- 
tion recorded when it was known. So far as could be determined, the high blood 
pressure preceded rather than resulted from the apoplexy in all cases where it was 
present. 

Tables III and IV record the statistical data relative to the coexistence of 
cardiovascular disease and apoplexy. In addition, certain other facts of clinical 
interest are tabulated. 

The hypertensive state was present in most of the patients with hemorrhage 
and infarction. It was also present in eight of fourteen patients with aneurysm. 
A definite history of congestive heart failure could be elicited in surprisingly few 
of the patients with hemorrhage, despite the fact that the majority had cardiac 
hypertrophy and coronary sclerosis. Eleven of the twenty-three patients with 
infarction, however, had heart failure, and two more died directly as a result of a 
precipitous drop in blood pressure which infarcted the brain. 

Cerebral thrombosis was reported in only one patient with hemorrhage 
(Case 47A569) and in twelve of twenty-three instances of infarction. Mural 
thrombi in the heart were reported in none of the patients with hemorrhage, 
and in only three of the patients with infarction (Cases N30858, N29857, and 
N47-275). Almost all the hemorrhages were deep in the cerebral hemispheres, 
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NO. 


47A569 
47A31 
47A569 
47433 
50Y47 
62Y47 
47251 
47A95 
47A183 
A47-2 
47-27 
A47-9 
46A73 
46A89 
46A106 
46A114 
46A124 
46A142 
46A284 
46A300 
46A321 
46A362 
46A370 
46A374 
45A36 
45A47 
45A57 
45A279 
45A281 
45A341 
45A380 
44A54 
44464 
44A111 
44A160 
444206 
444212 
444270 
44A293 
444312 
444342 
44A344 
444350 
44A351 
444413 
43A101 
43A139 
43A306 
43A341 
42A25 
42A136 
42A139 
42A146 
42A281 
42A328 
42A379 
42A405 
41A81 
41A104 


M 
F 
M 


M 
F 


LALA 


| DURATION 


8 days 
1 day 
hours 
hours 
hours 
hours 
2 days 
12 hr. 
4 days 
3 days 
4 days 
24 hr. 
24 hr. 


hours 


Cerebral Hemorrhage 
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TABLE II. CLINICAL AND PATHOLOGIC FINDINGS IN 118 CASES OF APOPLEXY 


HYPERTENSION 
SEX | SCENT OF STROKE AND DURATION 


176/112 

1 yr., 230/120 
6 yr., 176/112 
3 YF, 240/245 


| 3 yr., 250/120 

| 170/128 

| 5 yr., 240/140 

| 300/90 

5 yr., 240/180 

1 yr., 290/160 

| none 

| 260/120 

| 6 yr., 260/130 

yr., 280/160 

290/150 
250/150 

185/85 

260/145 

| 


240/140 
3 yr. 
| 3 yr., 120/ 0 
5 yr. 
| 180/120 


140/100 

1 yr., 240/150 

5 yr., 230/160 

4 yr, 220/? 

yr., 235/95 

yr., 260/140 

240/140 

| 1 yr., 200/110 

160/100 

260/140 

| 3 yr., 250/150 
1 yr., 210/110 

| 3 yr., 200/140 

262/150 

1 yr., 240/150 

1 yr. 

244/170 

1 yr., 160/105 

1 yr., 200/100 

230/118 

230/150 

4 yr., 286/136 

1 yr., 260/140 

1 yr., 190/100 

1 208/120 

yr., 200/100 

240/110 

| 240/150 

260/110 

220/150 

125/40 


10 yr., 220/120 


LOCATION 


! 

1. cerebral, i. v. 

| bil. perivent., i. 

| r. cerebral., i. v. 

| subarachnoid 

| r. cerebral, i. v. 

. cerebral 

. cerebral, i. v. 

. cbllm., i. v. 

l. cerebral, i. v. 

cbllm., pons 

r. cerebral, i. v. 

l. cerebral, i. v. 

subarachnoid 

. cerebral, i. v. 

. cerebral, i. v. 

. cerebral, i. v. 

Vv. 

. cerebral, i. v. 

. cerebral, i. v. 

. cerebral, i. v. 
Vv 


. cerebral, i. v. 
. cerebral, i. v 
. cbllm., i. v. 

. cerebral, i. v. 
l. cerebral, i. v. 
pons 

l. cerebral 

l. cerebral 


r. cerebral, i. 
cerebral 
cerebral, i. v. 
r. cerebral, i. v. 
i. V. 

1. cerebral, i. v. 
i. Vv. 
subarachnoid 

i. Vv. 

cbllm., i. v. 
1. cerebral, i. v 
pons, i. v. 

r. cerebral 

l. cerebral 

|. cerebral 

l. cerebral, i. v. 
1. cerebral, i. v. 
subarachnoid 
cerebral 

. cerebral 

. cerebral 

. cerebral, i. v. 
cerebral, i. v. 
cerebral, i. v. 


1 yr., 260/120 


tFor abbreviations throughout Table, see footnotes at end of Table II. 


1. cerebral, i. v. 
cerebral 
subarachnoid 
r. cerebral 
r. cerebral, i. v. 
i. V. 
i. V. 
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| AGE | DISEASE | 
72. | M | N | 7days | 400* 
47 | M N days hyp.* 1. 
‘ 72 M | N 6 days 400* 
57 | F | N | 3days_ | 300 
69 | M | Jt | 4 days hyp. 
63 M | W | 2 days ohyp.* 
47 | M | N hours 260* 
47 | M/|N | 5 hr. 
49 | M | N | 2 days 
| 45 | F 2 hr. 490 
| 57 | M 1 day 350* 
|; 50 | F 1 day | 475* 
| 35 | F 2 hr. normal 
46 | F 2 hr. 380" 
54 F 2 hr. 550 
42 M 2 hr. 600*, c. f. 
| | M | 2 hr. 410* 
| 59 | F 640* 
| 72 | M | 275* 
| 54 M | 650* 
48 | M 510* 
68 M 425* 
72 M 550*, c. f. | 
; | 38 F 380* 
| 57 F c. f. 
| 55 F 370* } 
30 | M | 
48 | M N 
| 55 | F 
53 | M 650* 
| 65 M 
| $7 4 days | 300* 
| 33 24 hr. 360* 
| P45 4 hr. | 575 
47 24 hr. | 400%, | 
58 4 days | 350* 
40 hours 470* 
5 50 2 days 550* 
43 7 hr. ©. §..) 
| 50 | 2 hr. | 375* | 
49 4 days | 425*, c.f. | 
70 hours | 340* | 
58 12 hr. 630* 
58 9 days 300*, c. f. 
69 5 days 440* | 
62 7 days 470* 
40 4 days 430* 
50 5 hr. A 
45 | | 3 hr. 
64 2 days 500* 
41 | ‘Thr. 625 
| 2hr. 550 
45 8 hr. 400 
| 43 | | hours | 430* 
«64 | | 3 days | 350* 
63 | | 8 days | 550 
| 49 | I S5days | 400 
| 75 | W | hous | | 
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414252. | 70 
47 
40A36 | 25 
40.4162 39 
4$0A213 48 
40A242 38 
39A26 39 
39A111 50 
39A165 63 
| 62 
39A178 42 
38A\188 70 
381265 | 70 
38.1330 60 
37A\46 34 
37A124. 
374128 59 
3Y42 44 
15Y42 50 
47Y42 81 
10Y43 49 
7Y44 | 31 
90Y41 33 
54 
55 
14Y41 | 77 
20Y40 58 
18Y39 | 19 
78Y38 57 
57Y38 37 
59Y37 53 
S7Y37 54 
55Y35 31 
36102 | 41 
36203 56 
36265 26 
35-421 45 
HY34 40 
\ 29070 50 
\ 28681 53 
N 28415 44 
N 28411 245 
N30743 76 
30638 51 
\ 29987 50 
29827 55 
N47507 76 
N471186 73 
N471111 77 
N47302 56 
N47300 59 
N472798 76 
N472467 22 
N472257. | 52 
N472161 | 55 
N473959 56 
N473697 65 
N4867 58 


SEX 


DE- 
SCENT 


DURATION 


HYPERTENSION 


OF STROKE | AND DURATION 


hours 


? 

7 hr. 
hours 
2 days 
hours 
3 days 
2 days 
12 hr. 
hours 
15 hr. 
1 day 
8 hr. 
hours 
4 days 
7 days 
2 days 
8 hr. 
9 hr. 
2 days 
3 days 
19 days 
2 days 
15 days 
hours 
hours 
3 hr. 
9 days 
hours 
1 day 
hours 
12 hr. 
2 days 
6 wk. 
5 days 

? 


? 


1 day 
hours 


1 day 


1 wk. 
3 days 
2 wk. 
3 days 
4 days 
2 days 


2 hr. 
1 day 
1 day 
2days | 
9 days 

1 day 


1 yr. 
270/130 
220/100 
220/120 
300/140 
235/140 
240/110 
242/158 
250/130 
186/84 
300/160 
1 yr., 220/120 
155/85 
5 yr., 260/140 
230/125 
250/120 
210/112 
200/150 
3 yr., 250/120 
210/130 
220/110 
210/95 
none 
220/140 
230/130 
250/140 
years, 260/140 
210/130 

? 
5 yr., 210/136 
2 yr., 240/135 
194/128 
230/110 
4 195/128 
205/140 
170/70 
235/140 
190/100 
4 vr., 150/? 
3 yr. 


? 
180/120 


? 
1 70 
4 yr., 230/140 
1 yr., 285/145 


years, 170/86 
270/150 
hypertension 
180/120 

4 yr., 270/160 
10 yr., 180/80 


none 


| 6 yr., 260/164 


240/160 
158/92 
176/116 


CARDIOVASCULAR DISEASE AND APOPLEXY 


TABLE II. CLINICAL AND PATHOLOGIC FINDINGS IN 118 CASES OF APOPLEXY—CONT'D. 


HEART 


575 
595* 
475 
? 
450 
575 
410 
hyp. 
hyp. 
300 
hyp. 
500* 
475 
475* 
325 
615* 
350* 
675* 
hyp. 
hyp. 
hyp.* 
hyp. 
normal 
hyp.* 
hyp.* 
hyp.* 
hyp.* 
normal 
hyp. 
hyp.* 
hyp.* 
hyp. 
hyp. 
350 
720* 
375 
350 
475 
450 
510* 


630* 
410 


425* 
470* 
650* 
475* 


510* 


450* 
360 
540* 


430* 
510* 


250/125 


DISEASE 


420*, c. 


¢. 
520*, c. 
375°, c. 
860*, c. 


590". c. {. 
410*, c. f. 


LOCATION 


cerebral, i. v. 
1. cerebral, i. v. 
i. Vv. 

r. cerebral, i. v. 
1. cerebral, i. v. 
r. cerebral, i. v. 
r. cerebral, i. v. 
r. cerebral 
cerebral, i. v. 

r. cerebral, i. v. 
r. cerebral, i. v. 
r. cerebral, i. v. 
bilat. cerebral 
r. cerebral, i. v. 
r. cerebral, i. v. 

i. V. 

r. cerebral 
subarachnoid 

1. cerebral, i. v. 
1. cerebral, i. v. 
subarachnoid 
multiple 

i. Vv. 

r. cerebral, i. v. 
r. cerebral 

1. cerebral 

r. cerebral, i. 
r. cerebral, i. 
| 


<<< 


. cerebral, i. 
. cerebral, i. v. 
r. cerebral, i. v. 
1. cerebral, i. v. 
subarachnoid 
subarachnoid 
i. V. 
r. cerebral, i. v. 
1. cerebral, i. v. 
r. cerebral 
bil. cerebral, pons 
f.| r. cerebral, i. v. 
r. cerebral, i. v. 
r. cerebral, i. v., 
pons 
r. cerebral, i. v. 
1. cerebral, i. v. 
r. cerebral 
|. cerebral, pons, 
¥. 
1. cerebral 
cbllm., pons 
r. cerebral 
1. cerebral 
r. cerebral 
r. cerebral, brain 
stem 
. cerebral, i. v. 
. cerebral 
. cerebral 
. cerebral, i. v. 
. cerebral, i. v. 
. cerebral 
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| | | 
| 
41A173 48 F N | 1 day 
M | W |7hr. | 
M | N | 24hr. | 
F N | 4 wk. | 
F N | 9hr. 
ViVi = | | 
F N ? 2 
F | W 
F | N | 
| | | 
F N | 
F N | 
M | N | | | . 4 
F | N 
| | | 
M N 
M/N | | 
M/N | | 
| 
| & 
WI | 
F | W | 
F | W | 
F | W | ; 
| | 
Mi | 
F W 
F N | | 
M |W | 
M/W | | 
M | W | | 
F | N 
M/N | 
MiW | 
N 
Mi N | | ; 
M | N . 
F | N | 
| ‘ 
M 
M W 
M/W 
v wii. 
M W ? | 
| | 
M/W 
M/W | 
| 
M W | | 
M W 
W | 
M N — | 
M/W 
| 
M 
M | 
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CLINICAL AND PATHOLOGIC FINDINGS IN 118 CASES oF APOPLEXY—CONT'D. 


TABLE II. 


| 
| 


! | 
DE- | DURATION | HYPERTENSION HEART 
an STROKE AND DURATION DISEASE LOCATION 


NO. SEX 


| 


Infarction Without Thrombosis 


47A327 51 M | W | days | ? years | normal r. parietal 
A4731 44 F | N | 8days | none | 350, c.f. | 1. cerebral 
47A559 62 | M W | 6days | 20yr. 600* | 1. striatal 
474553 82 | F W | 2wk. 10 yr., 200/90 450* _r. front., pons 
A47302 74 M N | 48 hr. 190/110 380* 1. cerebral 
472102 54 M | W | 2 days 2 yr., 180/115 640*, c. f. | r. cerebral 
472870 55 M | W | 7 days 1 yr., 160/100 395*, c. f. | r. parietal 
NA1464 6 | M | W | 2days | 2 yr., 200/120 | 530* multiple 
NA4877 43M I 1 day | 3 yr., 240/135 410* diffuse 
N30858 48 | M W | S wk. | years, 125/100 | 460*, c. f.| r. cerebral 
N4895 68 W | 3 days | years 440*, c. f. | multiple 


Infarction With Thrombosis 


N28277 4 days years 615* r. mid. cerebral 
N30750 | 69 M W 25 days 160/90 304 1. mid. cerebral 
N30527. | (22 M W | 29 days 142/100 540 vein of Galen 
N30414 49 W 4 days | 15 yr., 195/90 830*, c. f. | bil. mid. cerebral 
N29857 | ? M  W 10days | 170/120 | 640*, c. multiple, cerebral 
N47275. | 47 | W | 2days 14 yr., 170/100 | 450*, c. f.| r. mid. cerebral 
N47125 | 82 | F W | 2days | none 365* 1. mid. cerebral, 
, N4834 74 | M W 1 day | 170/110 390* 1. mid. cerebral 
" N4828 67 M | W 6 days | years, 200/100 390* r. mid. cerebral 
N472254 54 M | W | 3days | 224/108 410* r. cerebral veins 
A4065 | 81 M | W | days | 160/120 500*, c. f. | r. mid. cerebral 
47A7 | 77 F | W | 2days | 150/100 | 470*, c. f.| r. mid. cerebral 


Ruptured Aneurysm 


HYPERTENSION 
AND DURATION 


HEART 
DISEASE 


LOCATION 


N472789 
N472205 27 


| 150/98 385* 1.0 cm. from origin |. ant. 

cerebral 

M | W 4 yr., 185/130 500 (1) 5.0 cm. from origin | ant. 
cerebral, (2) 5.0 cm. from 


origin mid. cerebral (un- 
| ruptured) 


N471133 27 M N 385 53.0 cm. from origin 1. mid. 
cerebral 
N47801 25 M | N 135/75 445 int. carotid just proximal to 


mid. cerebral 


N30527 22 M > W | 142/100 540 bifurcation of basilar 
N28111 24 M | W 138/80 335 junction |. ant. cerebral and 
ant. communicans 
N26170 53 M W | 200/120 500 junction of r. ant. cerebral 
and carotid 
N22148 |§ 39 | M | W 120/60 420 | |. post. cerebral proximal 


N21550 2 | M |W 136/78 320 r. ant. cerebral just distal to 
| communicans 


> 
NO. AGE | SEX 


TABLE II. CLINICAL AND PATHOLOGIC FINDINGS IN 118 CASES OF APOPLEXY—CONT'D. 


HYPERTENSION HEART 
SEX SCENT) AND DURATION DISEASE LOCATION 


Ruptured Aneurysm 


NO. AGE 


N21027 | 27 M W 3 yr., 160/90 430 r. ant. cerebral just distal to 
ant. communicans 

N21431 SS M W | 2 yr., 170/106 450* junction r. mid. cerebral and : 
carotid 

48A111 51 F N 190/120 560 l. internal carotid, intracranial 

14Y35 56 F N 115/85 250 r. mid. cerebral 

48A129 52 F WwW vears 350*, hyp.) ant. communicans 


*Coronary arteriosclerosis. 
Numbers under ‘‘Heart Disease’’ indicate the heart weight in grams. 
c.f., congestive failure. h., hemisphere. 


hyp., cardiac hypertrophy. W, white. 
bil. perivent., bilateral periventricular. N, Negro. 
J, Japanese. 


cbllm., cerebellum. 
i.v., intraventricular. 


TABLE III. CARDIOVASCULAR FINDINGS IN CEREBRAL HEMORRHAGE 


I, Native of India. 


— 


NUMBER OF 
CASES PER CENT 


Exclusive of Ruptured Aneurysm (118 Cases) 


Hypertension* | 105 89 
Coronary sclerosis and/or cardiac hypertrophyt 97 82 
Congestive heart failure | 15 13 
Dead within twenty-four hours of onset | 64 54 
Intraventricular hemorrhage | 77 65 
Intraventricular hemorrhage and dead within twenty-four hours 

51 66% of 77 


of onset 
Cerebral arteriosclerosis, marked 


Resulting From Ruptured Aneurysm (14 Cases) 


Hypertension* 8 
Coronary sclerosis and/or cardiac hypertrophyt 7 
Cerebral arteriosclerosis, marked 3 


*History of hypertension, or diastolic pressure in excess of 90 mm. of mercury. 
tHypertrophy described by the pathologist, or the heart weighed 500 grams or more. 


TABLE IV. CARDIOVASCULAR FINDINGS IN TWENTY-THREE CASES OF INFARCTION OF BRAIN 


Thrombosis (total) 12 
10 


Arterial 

Venous 2 

Hypertension 11 

Hypertension and heart failure 5 
1 


No hypertension or heart failure 
No thrombosis (total) 


11 


Hypertension 10 
Hypertension and heart failure 5 
Heart failure without hypertension i 

9 


Infarction following sudden systemic circulatory failure 


{ 
| 
_ 
x 
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65 per cent of them intraventricular, that is, in the distribution of the deep venous 
systems. While two-thirds of these patients with ventricular hemorrhage were 
dead within twenty-four hours, the other third survived longer, sometimes for 
more than a week. Obviously in these patients the intraventricular part of the 
hemorrhage was the culmination of a more slowly developing process. <A well- 
developed cerebral arteriosclerosis was reported in only twenty of the 118 sub- 
jects with hemorrhage, and was scant or, rarely, absent in the remainder. It 
was altogether absent in eight of fourteen patients with ruptured aneurysm. 
No data were available concerning capillary fragility or prothrombin times in 
any of the patients. None of them received rutin. 


Of additional interest in the patients with hemorrhage were the findings of 
marked obesity in only 28 per cent, while 80 per cent had nephrosclerosis of vary- 
ing degrees. 


DISCUSSION 


It appears from this study that intrinsic functional vascular disease of the 
brain is the major factor in the pathogenesis of infarction and hemorrhage. 
Systemic circulatory failure could not be shown to be a direct cause in the majority 
of patients. In the cases of hemorrhage the lesions were usually deep in the 
cerebral hemispheres in and around the ventricles, the type emphasized by 
Scheinker,' and therefore not the result of ‘‘hypertensive rupture of an artery.” 
This finding is further supported by the low incidence of marked arteriosclerosis 
in these patients. The possible aggravating effects of capillary fragility’® and 
altered clotting mechanisms upon the bleeding are not known. 


The mechanism by which these hemorrhages are brought about seems, 
at present, to be arterial spasm, which produces anoxic damage to the vulnerable 
deep vessels, diapedesis, and coalescence of the hemorrhages. 


Aneurysms resulting in apoplectic hemorrhage were included in the study 
because they often appear to be part of the hypertensive complex. They differ 
considerably from other forms of cerebral accidents in that spasm, circulatory 
failure, and vascular occlusion play no part in their genesis. Rather, they seem 
to be the consequence of the mechanical effects of high blood pressure in many 
instances, as some 50 per cent of the patients exhibited hypertension. Forbus,"' 
in a study of aneurysms, pointed out that they ‘‘are acquired lesions arising from 
a combination of focal weakness in the vessel wall resulting from a congenital 
muscularis defect, and a degeneration of the internal elastic membrane due to 
continued overstretching of this membrane.” His patients also showed a high 
incidence of hypertension and cardiac hypertrophy. 


In the patients who had infarction with thrombosis, the mechanism is clear. 
Where the infarctions were found in the absence of thrombosis, only two explana- 
tions are at present possible: local vascular spasm or systemic circulatory failure. 
In two instances the systemic failure was the direct cause of the extensive in- 
farctions, but in almost all other instances the only explanation was primary 
spasm in the cerebral vascular tree. 


Four cases from the series are cited in some detail here to illustrate circula- 
tory failure and local spasm in the production of infarction. Two are cases of 
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extensive infarction which followed a precipitous fall in blood pressure which 
came about after certain therapeutic measures. The other two are best ex- 


plained on a basis of vascular spasm in the brain. 


CasE 1 (No. N47-1464).—A 60-year-old white man came to the hospital complaining of 
cramps in his legs of two weeks’ duration. He had had hypertensive heart disease with exertional 
dyspnea for two vears. The leg cramps were treated with bilateral paravertebral svmpathetic 
blocks, which brought down his blood pressure from 200/120 to 130/84. He became comatose, 
convulsive movements and hyperthermia followed, and death resulted in about forty-eight hours. 


A\t autopsy there were multiple acute hemorrhagic infarcts of the left cerebellar hemisphere, 


brain stem, right striatal region, and frontal lobes. Slight arteriosclerosis of the intracranial 


arteries was present, but there was no occlusion by this process or by thrombi. There was marked 
obstruction of both popliteal arteries by arteriosclerosis, but gangrene was not present. 

The development of multiple hemorrhagic infarcts throughout the brain following a sudden 
fall in blood pressure illustrates the genesis of infarction by a rapidly failing systemic circulation. 


CasE 2 (No. NA48-77).—A 43-year-old Indian had had hypertension for three years, and 
blurred vision, headache, and agitation for ten days before hospital admission. In the hospital 
he was given 0.3 Gm. of sodium amytal intramuscularly. His blood pressure fell from 240/135 
to 190/110. Two days later his blood pressure was 235/155, and the therapy was repeated, with 
a drop in pressure to 100/70. Coramine was administered and the pressure rose to 210/130 but 
fell spontaneously the next day to 95/0. Oliguria developed and 1,000 c.c. of plasma was given. 
The blood pressure rose to 130/85, but the patient expired less than twenty-four hours after the 


fall in blood pressure to 95/0. 

At autopsy there was scant cerebral arteriosclerosis. 
ischemic necrosis, especially in the left temporal and parietal lobes. Acute destruction of cortical 
neurons and early disintegration of white matter, with numerous small perivascular hemorrhages, 
were seen. The heart showed coronary sclerosis but no acute disease. 

The case again illustrates the effect of rapid circulatory collapse in a hypertensive patient. 
Severe destructive lesions in the cerebrum developed. The heart and kidneys (oliguria) may 
also have been functionally damaged in the process, but significant morphologic changes did not 


There was diffuse evidence of early 


develop. 

CasE 3 (No. N47-2102).—A 54-year-old Negro man became suddenly stuporous, then coma- 
tose, and died in less than forty-eight hours. He had had hypertensive and coronary heart disease, 
with mild failure, for two years. On admission his blood pressure was 180/115 and a gallop cardiac 
rhythm was present. Acidosis, uremia, hyperglycemia, and hyperpyrexia developed a few hours 
before death: conditions which had not existed previously. At autopsy there was early infarction 
of the whole right cerebral hemisphere, including the frontal, temporal, and occipital lobes, the 
striate region, the thalamus, and the hypothalamus. Considerable arteriosclerosis of the arteries 
of the brain, especially of the right internal carotid, was present, but there was no occlusion. 

The case demonstrates massive infarction, in the absence of occlusion, of an entire half of the 
forebrain, in the distribution not only of the anterior, middle, and posterior cerebral arteries but 
also of other branches supplying the thalamus and hypothalamus. The patient was hypertensive 
and in failure. Two explanations are possible. One is that systemic circulatory failure, superim- 
posed upon a cerebral blood supply already embarrassed by sclerosis, especially on the right, may 


have caused the lesion. The other is the presence of widespread spasm limited to half of the 


forebrain. Possibly both mechanisms were responsible. 


Case 4 (No. N30-858).—A 48-year-old white man had hypertensive heart disease of un- 
known duration. About a month before he died he developed a hemiplegia, which was followed 
by an episode of acute congestive heart failure. Sixteen hours before death an embolic thrombosis 
of his superior mesenteric artery occurred, and he died in shock. This embolus was confirmed at 
autopsy, and a large, friable thrombus was found in his left atrial appendage. The brain revealed 
extensive infarction, about one month old, in the distribution of the right middle cerebral and 
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anterior choroidal arteries. There was only moderate arteriosclerosis of the larger arteries at the 
base of the brain and almost none in the smaller vessels. No gross occlusion or thrombosis was 
present. 

This case illustrates probable spasm in the distribution of two major arteries of the brain in a 
patient with hypertensive heart disease. The auricular thrombus and mesenteric embolism 
strongly suggest that a tiny embolus to the brain, which could not be demonstrated, may have 
initiated the probable spasm. Severe systemic circulatory failure does not seem to have been a 
factor, because there was no evidence that an episode of this sort preceded the stroke. 


The presence of anatomic heart disease, sometimes severe, in many of these 
patients poses a problem which is still unsolved. That problem is, do transient 
episodes of circulatory failure, clinically unrecognized during the course of hyper- 
tension, precipitate cerebral anoxic vasospasm leading to apoplexy? Case 1 
suggests that possibility, because the infarcts were focal and developed in the 
presence of general circulatory failure. 


SUMMARY 


One hundred fifty-five patients who died from apoplexy were studied in 
relation to associated cardiovascular disease. Hypertension was present in 
nearly 90 per cent. Functional cerebrovascular disease (probably spasm) 
appeared to be the important factor in most cases, while systemic circulatory 
failure accounted directly for very few cerebral accidents. A cause and effect 
relationship was entertained in patients with cerebral aneurysm with hypertension. 


REFERENCES 


Scheinker, I. M.: Alterations of the Cerebral Veins in Hypertensive Brain Disease and 
Their Relation to Cerebral Hemorrhage, Arch. Neurol. Psychiat. 54:395, 1945. 

Finely, K.: Perivenous Changes in Acute Encephalitis Associated With Vaccination, 
Variola, and Measles, Arch. Neurol. & Psychiat. 37:505, 1937. 

Schlesinger, B.: The Venous Drainage of the Brain With Special Reference to the Galenic 
System, Brain 62:274, 1939. 

Aring, C. D.: Vascular Diseases of the Nervous System, Brain 68:28, 1945. 

De Takats, G.: Emergency Treatment of Apoplexy, J. A. M. A. 136:659, 1948. 

Russek, H. I., and Zohman, B. L.: Cerebral Angiospasm, J. A. M. A. 136:930, 1948. 

Askey, J. M.: Hemiplegia Following Carotid Sinus Stimulation, AM. Heart J. 31:131, 


1946. 
Echlin, a A.: Vasospasm and Focal Cerebral Ischemia, Arch. Neurol. & Psychiat. 47:77, 


1942. 
Trueta, J., Barclay, A. E., Daniel, P. M., Franklin, Klis and Prichard, M. M.L.: Studies 
of the Renal Circulation, Springfield, IIl., 1947, Charles C Thomas, Publisher. 
Griffith, J. Q., and Lindauer, M. A.: Increased Capillary Fragility in Hypertension: 

Incidence, Complications, and Treatment, AM. HEART J. 28:758, 1944. 
Forbus, W. D.: On the Origin of Miliary Aneurysms of the Superficial Cerebral Arteries, 
Bull. Johns Hopkins Hosp. 47:239, 1930. 


OBSERVATIONS ON THE SPATIAL VECTORCARDIOGRAM 
IN MAN 


Joun P. Conway, M.D.,* JAMEs A. Cronvicu, M.S.,} and 
GEorGE E. Burcu, M.D.* 


NEw ORLEANS, LA. 


HE work reported herein was undertaken in order to investigate by means 
of the spatial vectorcardiogram the changes in electromotive force accom- 
panying the heart cycle in man. 

The vectorcardiogram is a record of the resultant manifest potential of the 
heart as it changes throughout the cardiac cycle, considered as a vector function 
of time. From the QRS complexes of the three standard limb leads, Einthoven, 
Fahr, and De Waart,! in 1913, determined vectors at ten equally spaced instants 
in the QRS interval. This method was modified in 1920 by Mann,? who, by 
joining the heads of these vectors with a continuous line, obtained records which 
were later termed vectorcardiograms. Use of the cathode-ray oscillograph 
for recording the vectorcardiogram in the frontal plane was first described in 
this country by Wilson, Johnston, and Barker, in 1937. Unknown to them, its 
use for this purpose had been described the previous vear in Germany by Schel- 
long.t Adapting this method to three dimensions, Sulzer and Duchosal’:* and 
Rochet and Vastesaeger’:*:* constructed wire models of the spatial vectorcardio- 
grams. Wilson suggested the equilateral (regular) tetrahedron as a convenient 
reference system for the mean QRS, T, and gradient vectors in space, and in 
1947 reported an earlier study in which this reference system was applied to a 


human cadaver.!° 
Because of the complex nature of the generation of electric potentials in 


the heart and of the processes of conduction throughout the body, some objec- 
tions may be raised to almost any spatial system which is proposed. It is obvious 
that the body cannot accurately be represented by any regular geometric figure. 
However, experience has shown that the Einthoven triangle is satisfactory for 
electrocardiography in the frontal plane. If a fourth electrode, placed somewhere 
on the back, could be considered as remote electrically from the source of potential 
as the three limb electrodes, these four electrodes would define the apices of a 
tetrahedron. The equilateral tetrahedron was adopted for the present study 
because it is a spatial reference system requiring the fewest electrode positions 
and because it permits the use of the Einthoven triangle as the frontal face 


Aided by the Life Insurance Medical Research Fund, the Mrs. E. J. Caire Fund for Cardiovascular 
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MD-389. 
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and the application of the Einthoven concept to each of the other faces. Al- 
though the magnitude of the error inherent in this method has not been determined 
as yet, it is probably not too large for physiological purposes. 


METHOD 


The standard limb electrodes and a back electrode placed approximately 
three centimeters to the left of the spinous process of the seventh dorsal vertebra 
were used. Records of the spatial vectorcardiogram projected onto the frontal 
plane were obtained photographically during a single heart cycle by the method 
described by Wilson.'' The arrangement of the apparatus for recording in the 
frontal and sagittal planes is shown in Fig. 1. The electrical impulse from the 


Amplifier A 


Amplifier B 


Amplifier D 


Fig. 1.—Schematic diagram of apparatus. 


standard Lead I was amplified by Amplifier A of the similar four-stage push-pull 
resistance-capacitance coupled amplifiers to produce horizontal deflection of 
the electron beam of the cathode ray tube. The electrical impulse from the 
central terminal to the left foot was amplified by Amplifier B to produce vertical 
deflection of the electron beam. The connections were arranged so that de- 
flection to the left of the frontal plane resulted when the left arm was positive 
with respect to the right arm, and a downward deflection resulted when the foot 
was positive with respect to the common terminal of the three 5,000-ohm resistors. 
The amplifiers were calibrated so that one millivolt across the input terminals 
of Amplifier A produced one inch deflection of the fluorescent spot on the oscillo- 
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graph screen, and one millivolt across the input terminals of Amplifier B pro- 
duced 1.7 inches deflection. The beam control and timing circuit could be ad- 
justed to turn on the electron beam for any desired interval during the heart 
cycle, and to modulate its intensity for timing and for indicating the direction 
in which the vectorcardiogram was traced. 

By selection of the proper electrode combinations the projections onto the 
other surfaces of the tetrahedron were obtained similarly. 

The projection onto a sagittal plane which intersects the frontal plane along 
its vertical axis was obtained on the second cathode ray tube simultaneously 
with the recording on the frontal plane. The horizontal deflection was produced 
by the electrical impulse between the central terminal of the frontal plane and 
the back electrode, the calibration being 1.2* inches per millivolt, and the vertical 
deflection was produced by the impulse between the central terminal and the foot 
electrode, that calibration being 1.7* inches per millivolt. 


Construction of Models.—In order to facilitate visualization of the spatial 
relationship of the P, QRS, and T components of the vectorcardiograms, wire 
models were constructed. These were made by manipulating lengths of wire 
into shapes whose shadows, projected onto the various planes of an equilateral 
tetrahedron, conformed to the records actually obtained in the respective planes. 
In most of the normal subjects, models could be accurately constructed from 
records in the frontal and sagittal planes only, but comparisons with records 
obtained in the superior, left, and right planes were made for confirmation. 


RESULTS 


Normal Subjects.—The subjects were sixteen normal male medical students.” 
Although the records showed considerable variation from subject to subject, 
most of them had certain characteristics in common. A hypothetical normal 
vectorcardiogram with average values and representative characteristics is de- 
scribed (Fig. 2). It consists of three sk-loops, representing the terminus of the 
changing vector in the P, QRS, and T complexes, respectively. 

It will be apparent that the sE-loops are not necessarily closed figures, as 
each loop may terminate some distance from its point of origin in space. Thus, 
there is not necessarily a fixed origin for the instantaneous vectors. 

For indicating their orientation, these loops are described as inclosing plane 
areas. The term ‘‘axis of the loop” refers to a straight line from the origin of the 
loop to its most distant part and is not to be confused with the mean electrical 
axis. In measuring angles in the frontal plane the conventional triaxial reference 
system was used. In the sagittal plane, angles were expressed similarly, with 
+ 180° located anteriorly. The tracings in the sagittal plane were recorded as 
though viewed from the subjects’ left. 


*Analysis of this system indicate that the factors 1.2 and 1.7 should be 


V3 and V 3, respectively. 


2 
tAuricular T records were not identified, since they were obscured in the QRS. 
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The axis of the P sE-loop is directed downward, slightly forward (+95° in 
its sagittal projection), and to the left (465° in its frontal projection). The 
anterior surface of its inclosed area faces upward and to the left, being rotated 
counterclockwise on its longitudinal axis (as viewed from its distal end) about 
45° from 12 o'clock. The P sE-loop is traced in a counterclockwise direction as 
viewed from the front. Its contour has a rather characteristic irregularity, with 
one or more large indentations. In a number of instances this resulted in a 
figure which might be described as resembling the outline of a mitten. The 


Fig. 2.*—Stereoscopic photographs of wire model representing an average normal vectorcardiogram 
as viewed from the front. The QRS sE-loop is in white, the P sR-loop is in gray, and the T s£-loop is in 
black in this and subsequent illustrations (except Fig. 4). Arrows denote direction in which sE-loops 
are traced. 
*Stereoscopic effects are best obtained by placing a card between the two pictures and viewing 
from a distance of five to ten inches. 


contour shows much greater change with respiration than does that of the QRS 
sE-loop or the T sE-loop, becoming narrower and more elongated on inspiration, 
with its axis becoming more nearly vertical (Fig. 4). At corresponding points 
in the respiratory cycle, similar contours recur. This may be seen by comparison 
of the P sE-loops in Figs. 3 and 6, which were recorded on the same individual at 
different times. 


The axis of the QRS sE-loop is directed downward, forward (+100° in its 
sagittal projection), and to the left (+ 65° in its frontal projection). The anterior 
surface of this inclosed area, which is almost flat, faces upward and to the right, 
being rotated clockwise on its axis about 45 degrees. The loop is an ellipse- 
like figure whose width is less than one-third of its length. The QRS sE-loop 
is traced in a clockwise direction, as viewed from the front, slowly for a short 
distance from its origin, faster throughout the major portion, and slowly again 
near its terminus. Its contour exhibits no sudden irregular changes in direction 
(Fig. 5). 
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Fig. 3.—Records obtained simultaneously of frontal and sagittal projections 
of a normal P sf-loop. 


Fig. 4.*—Effect of inspiration on a normal P sf-loop. The gray loop was obtained near the middle of 
the respiratory cycle and the white loop at deep inspiration. 


*Stereoscopic effects are best obtained by placing a card between the two pictures and viewing 
from a distance of five to ten inches. 


The axis of the T sE-loop is directed downward, forward (+125° in its sagittal 
projection), and to the left (+45° in its frontal projection). The anterior surface 
of its inclosed area faces upward and to the right, being rotated in a clockwise 
direction on its axis between 45° and 80 degrees. The loop is a very narrow ellipse- 
like figure. It is traced in a clockwise direction as viewed from the front, slowly 
in the efferent portion, faster in the afferent portion. In this part of the record 
there is an undulation which is especially apparent in the initial portion. The 
component waves are not regular either in form or frequency, and vary in pattern 
from cycle tocycle. It could not be established that these variations were related 
to respiration (Fig. 6). 
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SPATIAL VECTORCARDIOGRAM 
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Fig. 5.—Records obtained simultaneously of frontal and sagittal projections 
of a normal QRS sF-loop. 
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Fig. 6.—Records obtained simultaneously of frontal and sagittal projections 
of normal T and P sf£-loops. 


The approximate ratio of the axis lengths of the P, QRS, and T sE-loops 


‘o one another is 1:10:2, respectively. 
Data obtained on this group of normal subjects are summarized in Tables 


| and II. To illustrate the extent of variation in the group, four models con- 
structed from the records obtained are presented (Fig. 7). 

Abnormal Subjects—For purposes of comparison, three abnormal records 
are presented (Fig. 8): 

1. Left Bundle Branch Block in a Subject Receiving Digitalis (Fig. 8,a): 
The QRS sE-loop had an irregular contour, with angular changes in direction. 
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TABLE II. Direction or TRACE oF QRS, T, AND P sE-Loops oF A 
Group oF NoRMAL YouNG MEN 


FRONTAL PLANE SAGITTAL PLANE 


CLocK- COUNTERCLOCK- LINE Ciock- | CoOUNTERCLOCK- 
WISE | WISE | WISE 


WISE 


Normal Respiration 


ORS | 


13 


Fig. 7.*—Models of four normal vectorcardiograms. 


*Stereoscopic effects are best obtained by placing a card between the two pictures and viewing 
from a distance of five to ten inches, 
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The projection of its axis on the frontal plane was at +50°, on the sagittal plane 
at +60 degrees. The inclosed area faced upward, to the left, and slightly for- 
ward. The width of this area was almost as great as its length. The record was 
traced in a counterclockwise direction as viewed from the front, the initial part 
traced relatively slowly. Near the apex of the loop, and again near its most 
posterior point, there was sudden slowing in the tracing of the record. The 
portion of the record from the most posterior point to the beginning of the 
T sE-loop was traced forward, slightly downward, and to the right; ending above, 


Fig. 8.*—QRS and T sf-loops of abnormal vectorcardiograms. a, Left bundle branch block. b, Left 
ventricular strain. c, Right bundle branch block. 


*Stereoscopic effects are best obtained by placing a card between the two pictures and viewing 
from a distance of five to ten inches. 


to the right of, and in front of its origin. At this location, there was an abrupt 
slowing in the tracing. From here the T sE-loop was directed forward initially, 
curving back to terminate near the point of origin of the QRS sE-loop. The 
inclosed area faced upward, slightly to the left, and slightly forward, its orienta- 
tion being similar in this respect to that of the QRS sE-loop. 


2. Left Ventricular Strain (Fig. 8,b): The QRS sE-loop had a smooth con- 
tour and was pear-shaped. The axis was directed slightly upward, very slightly 
backward, and to the left, its projection on the frontal plane being at —30°, 
and on the sagittal at about —60 degrees. The inclosed area faced almost directly 
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anterior, the loop being rotated clockwise on its anatomic axis about 20° from 12 
o'clock. The record was traced downward to the right and forward for a short 
interval; then, abruptly changing direction, it was traced smoothly throughout the 
remainder in a counterclockwise direction as viewed from the front. Instead 
of returning to the point of origin, the loop terminated below, to the right, and 
in front of this point. Beginning at the end of the QRS and marked by a sudden 
slowing in the rate of tracing, the T sE-loop followed a slightly arched course 
with the convexity directed upward as it returned to a point near the origin of 
the QRS. The T sE-loop was very small, in comparison to the QRS sE-loop. 
Its entire length was about one-tenth the length of the axis of the QRS. 


3. Right Bundle Branch Block in a Subject Receiving Digitalis (Fig. 8,c): 
The axis of the QRS sE-loop was directed downward and to the left, its projection 
on the frontal plane being at +80° and on the sagittal plane at +90 degrees. 
The portion of the loop from the origin to the apex was traced in a clockwise 
direction and had the appearance of a normal record to this point. From here 
the record was traced slowly, with numerous sharp irregularities in its form. 
This portion of the record terminated directly above its origin. The T sE-loop 
was inscribed in a clockwise direction as viewed from the front. Its contour 
was smooth, and its axis was directed backward and slightly to the left. 


SUMMARY 


1. A study of spatial vectorcardiograms has been made. 

2. Data on normal vectorcardiograms of the P,QRS, and T sE-loops are 
presented, and a representative normal record is described. 

3. Three abnormal vectorcardiograms are presented. 


We wish to thank Dr. J. Leroy Kimball for his assistance in making this study possible. 
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V. CORRELATION OF ELECTROCARDIOGRAPHIC AND 
PATHOLOGIC FINDINGS IN POSTERIOR INFARCTION 


GorpDon B. Myers, M.D., Howarp A. KLEIN, M.D., 
AND TOMIHARU HrRaAtzka, M.D. 


Detroit, MIcH. 


IDESPREAD interest in the electrocardiographic diagnosis of posterior 

infarction was awakened by the work of Pardee' on the Q wave in Lead 
III. In spite of the use of the Pardee criteria, with or without the various 
minor modifications subsequently proposed,?"!’ the findings in the standard 
leads of many patients are not sufficiently decisive to clearly establish or posi- 
tively exclude posterior infarction. The difficulty in the differentiation of the 
abnormal and normal Q; has been emphasized previously through a review 
of the literature and a study in this clinic of fifty subjects in which the 
final diagnosis was based chiefly upon the findings in the esophageal leads.” 
Although the pattern in the standard limb leads conformed with the Pardee 
criteria in forty-five of these subjects (including fourteen with a QS rather than 
a QR deflection in Lead III), a diagnosis of posterior infarction was established 
in twenty-four and was excluded in twenty-one. The standard leads of some 
of the subjects in the latter group were indistinguishable from those of proved 
cases of posterior infarction. A deep Q; and inverted T; simulating that asso- 
ciated with posterior infarction may be recorded as a normal variant when the 
heart is in horizontal, semihorizontal, or intermediate position. Under these 
conditions, the potential variations of the left ventricle are referred to the left 
arm and are recorded as a tall R wave and upright T wave in Lead aV,, but 
as reciprocal downstrokes in Lead III, because of the fact that the galvano- 
metric connection to the left arm in Lead II] is the reverse of that in Lead aV,. 

A concomitant analysis of the findings in the unipolar left leg lead ob- 
tained on the same subjects confirmed previous reports of the occurrence of Q 
waves in this lead as a manifestation of posterior infarction.*:""-“ Lead aVr 
revealed a Q wave which was more than 25 per cent of the amplitude of the 
succeeding R wave in twenty-two of the twenty-four subjects with proved 
posterior infarction, and in only three of the twenty-one subjects with a Pardee 
Q; (or prominent QS complex in Lead III), but without signs of posterior in- 
farction in the esophageal leads. Thus, much closer agreement with the diag- 
nosis established by esophageal leads was achieved in this series through an 
interpretation of Lead aV» based on the Q/R ratio than through an interpreta- 
tion of the standard leads based on the Pardee criteria. 
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The experience with these cases brought out some, but not all of the errors 
that may occur in the interpretation of Lead aVr. An incorrect diagnosis of 
posterior infarction could have been made in three cases from strict adherence 
to the Q/R ratio in Lead aVry. The low voltage of the QRS complex in Lead 
aVr of two of these cases with Q/R ratios over 25 per cent indicated a need for 
caution in the interpretation of the findings in this lead when the voltage of 
the QRS complex does not exceed 0.5 millivolt. The experience with the third 
case emphasized the importance of interpreting the findings in Lead aVr in 
the light of those in other unipolar leads rather than as an isolated entity. A 
record of Lead aVr, taken in the recumbent position, revealed a deep QS com- 
plex, consistent with the pattern of posterior infarction, but actually due to 
reference of the potential variations of the right ventricle to the left leg, as in- 
dicated by (1) its resemblance to the QS complex of Lead V:, (2) its replace- 
ment by an RSR’ complex of transitional type when Lead aVry was repeated 
with the patient in the erect posture, and (3) the absence of abnormal Q waves 
in esophageal leads at the ventricular level. A known healed posterior infarct 
was not diagnosable from Lead aVr in two cases, apparently because the lesion, 
judging from the findings in the esophgeal leads, was small and confined to the 
posterobasal wall near the atrial margin. 

Goldberger’ reported that a Q wave in Lead aV»y which had a duration of 
0.04 second and an amplitude 60 per cent of that of the succeeding R wave or 
40 per cent of that of the entire QRS complex was diagnostic of posterior in- 
farction. Goldberger’s measurements of the duration of the Q wave are not 
comparable with ours, since his were made from the onset of the QRS complex 
to the point where the upstroke of the R wave returned to the base 
line, whereas ours were made from the onset to the nadir of the Q wave. Upon 
application of his criterion of Q/R ratio to our former series, it is note- 
worthy that two of the uninfarcted controls had Q/R ratios over 60 per cent, 
whereas four of the cases of posterior infarction had ratios below 60 per cent 
and two others had borderline values of 60 per cent. Thus, his more rigid cri- 
terion eliminates some of the cases of posterior infarction and fails to exclude 
some of the uninfarcted controls. 

The incidence of diagnostic signs in Lead aVr was high in our previously 
reported series, particularly when one considers that the posterior infarct was 
healed in twenty of the twenty-four cases. The favorable results could be ex- 
plained in part by the fact that the cases did not represent a consecutive series, 
but rather, a selected group, studied because of a pattern in the standard leads 
that conformed with the criteria of Pardee. This method of selection favored 
inclusion of cases likely to have diagnostic signs in Lead’ aVr, since posterior 
infarction that is responsible for a Pardee Q; should also be manifested by an 
abnormal Q wave in Lead aVr." The latter reflects abnormal initial negativity 
of the left leg and is prone to occur as a manifestation of posterior infarction 
when the heart is in an intermediate to vertical position favorable to the trans- 
mission of negative cavity potentials through the infarcted posterior wall to 
the diaphragm and thence to the left leg. Moreover, this method of selection 
tended to exclude most of the cases of posterior infarction unlikely to have 
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diagnostic signs in Lead aVy because of a semihorizontal to horizontal cardiac 
position. Under these circumstances, the potential variations of the left leg are 
transmitted chiefly from the posteroinferior wall of the right ventricle and are 
characteristically recorded as an RS deflection in Lead aVy. Since this RS 
pattern generally carries over into Lead II], most cases of posterior infarction, 
undetectable from Lead aVr because of horizontal position, were automatically 
excluded from our former series. On the other hand, a few cases with an RS 
pattern in Lead aVr and a tall R wave in Lead aV,, due to semihorizontal to 
horizontal position, will display a Pardee Q;, because of the fact that the small 
initial positive potential of the left leg is relatively negative in comparison with 
the marked positivity of the left arm. Such a pattern may be encountered as 
a coincidence in posterior infarction, but is of no diagnostic significance, since 
it also occurs in the absence of infarction. 

In view of the foregoing considerations, there appeared to be a need for an 
evaluation of Lead aVr in the diagnosis of posterior infarction based upon the 
findings in a large consecutive series in which the presence of posterior in- 
farction was established by autopsy. In 110 of our 161 cases,’® post-mortem 
examination disclosed an infarct extending one-third or more of the length of 
the posterior wall of the left ventricle. This does not imply that the infarct 
involved one-third or more of the cubical area of the posterior wall, since in 
many cases it was limited to the subendocardial layer and/or a portion of the 
posterior wall between the junction with the septum and lateral wall. In this 
communication an analysis will be presented of the findings in Lead aVr in the 
entire group of 110 cases and the correlation of electrocardiographic and patho- 
logic findings will be exemplified by detailed reports of twenty-one cases and a 
tabular summary of sixteen cases. 


CASE REPORTS 


Case 87.—A 60-year-old woman was stricken with repeated vomiting on the evening of 
March 14, 1945, which was not accompanied by thoracic or abdominal pain. Early the next 
morning she was brought to the hospital in shock with a blood pressure of 45/0. Examination 
after recovery from shock revealed a harsh systolic murmur, maximal at the apex, but audible 
over the entire precordium. On March 19a pericardial friction rub was heard. The patient was 
stuporous and irrational throughout hospitalization and died on April 6. 


Electrocardiographic Findings.—Electrocardiograms selected from a series taken during her 
hospital course are reproduced in Fig. 1. Digitalis, 0.3 Gm., was given before the first electro- 
cardiogram and was then discontinued. After the tracing of March 22, digitalis was reinstituted 
and a total of 1.2 Gm. was given up until March 26, when it was again withdrawn. The abnormal 
QS complex and the RS-T displacement in Leads aVy, II, and III on March 16 were diagnostic 
of recent posterior infarction. The digitalis dosage was insufficient to account for the marked 
RS-T depression in Leads V; through V¢, leaving two possibilities for consideration, namely: 
(1) a reciprocal effect from the acute posterior infarct, and (2) a direct effect from continuation 
of the lesion into the subendocardial portion of the anterolateral wall. The current of injury 
associated with recent myocardial infarction is manifested indirectly by elevation of the RS-T 
segment in unipolar leads facing the epicardial surface of the infarcted wall and by depression 
of the RS-T segment in unipolar leads facing the endocardial surface. Precordial leads charac- 
teristically show acute depression of the RS-T segment in recent posterior infarction, since they 
face the endocardial surface of the lesion. The degree of depression in precordial leads may 
exceed the elevation in Lead aV» because of the closer proximity of the former to the infarct. 
Since the displacement of the RS-T segment in the precordial leads of these tracings could represent 
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Fig. 1.—Serial electrocardiograms in Case 87. 
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a reciprocal effect of the recent posterior infarct, the additional diagnosis of extension into the 
subendocardial portion of the anterolateral wall was unjustified. A nodal tachycardia with vari- 
able A-V block, chiefly 2:1, was present on March 22, and a wandering pacemaker, chiefly lower 
nodal, was found on March 26. The pacemaker shifted to the upper portion of the A-V node on 
March 28 and reverted to the sinus node at the next tracing. ‘The increased upward displacement 
of the RS-T junction in Lead aV» and the depression in Leads V, through V, on March 26 were 
suggestive of further injury to the subepicardial portion of the posterior wall, but might have been 
due merely to the superimposed effects of digitalis. However, in Lead V;, the only precordial 
lead that consistently reflected the potential variations of the right ventricle and right side of the 
septum, the RS-T segment underwent a significant change, indicative of myocardial injury and 
independent of digitalis. The depression of the RS-T segment in Lead V; on March 16 represented 


Fig. 2.—Roentgenogram of the injected heart in Case 87, showing large infarct of the posterobasal 
walls of the left and right ventricle and the posterior one-half of the septum with perforation of the 
latter at the base. 


a typical reciprocal effect from posterior infarction and resembled that recorded in leads over the 
anterior wall of the left ventricle, such as Lead V;.. The dome-like elevation of the RS-T segment 
in Lead V, on March 26, March 28, and April 3 resembled that in Lead aVp, which reflected the 
potential variations of the infarcted posterior wall of the left ventricle. The following possible 
explanations for the change in the pattern of the RS-T segment in Lead V; were considered: 
extension of the infarct into the septum, infarction of the right ventricle, pericarditis, and shift 
of cardiac position so as to facilitate transmission of the potential variations of the posterior wall 
of the left ventricle into the right precordium. ‘The latter was excluded by absence of concomitant 
change in the QRS pattern. Pericarditis was unlikely because of the localization to a single lead. 
Extension of the infarct into the septum was considered much more likely than extension into the 
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right ventricle. The final tracing showed apparent flutter waves in Leads V, and III, 2 2:1 A-V 
ratio, with regularly spaced QRS complexes indicative of right bundle branch block. The ques- 
tion arose as to whether the terminal right bundle branch block was due merely to the ventricular 
rate of 176 or whether it was a manifestation of septal infarction. The prominent Q wave, pre- 
ceding the late R wave in Lead V,, pointed strongly toward infarction of the septum," but it is 
possible that the initial R wave customarily associated with right bundle branch block was ob- 
literated by the flutter wave rather than as a result of septal infarction. It is noteworthy that 
deep Q waves persisted in Leads II and III in the face of the right bundle branch block. The 
remaining precordial leads showed an initial R wave and a relatively early intrinsicoid deflection, 
from which it was concluded that the infarct had not continued into the anterolateral wall of the 
left ventricle. 


Pathologic Findings.—The heart weighed 400 grams and exhibited a large, organizing, trans- 
mural posteroseptal infarct, which caused marked thinning of the basal two-thirds of the posterior 
wall of the left ventricle and the posterior one-half of the interventricular septum, as evident 
in the roentgenogram (Fig. 2). In the posterobasal portion of the septum, there was a perforation 
3.0 cm. in diameter which had sharp edges and was believed to have been present for a number of 
days. The infarct continued across the septum to involve the posterobasal two-thirds of the rigiit 
ventricle. The anterior walls of both ventricles and the anterior half of the septum were intact. 
The extensive transmural posterior infarct adequately accounted for the QS complex and RS-T 
pattern in Lead aVyx, but the alternative possibility that the pattern in Lead aVp was a manifesta- 
tion of the septal portion of the infarct in a horizontally placed heart was not definitely excluded. 
The RS-T depression and T-wave inversion in Leads V2 through V. were apparently reciprocal 
to the posterior infarct. Although the lesion extended well into the posterolateral wall at the base, 
there were no abnormalities in the initial deflection in Lead Vs. The developing RS-T elevation 
in Lead V, and the terminal right bundle branch block were probably referable to the infarction 
of the posterior half of the interventricular septum. In view of the complete destruction and 
perforation of the posterobasal portion of the septum, it is remarkable that the P-R and QRS 
intervals were normal in the tracing of April 3, taken three days before death. The nodal tachy- 
cardia may have represented an irritative phenomenon secondary to the septal infarction. There 
was no gross evidence of infarction of the atria to account for the terminal flutter, but adequate 
microscopic study was not made. 


CasE 88.—A 69-year-old man had had hypertension for several years, but was otherwise 
well until April 4, 1944,.when he was seized with severe retrosternal pain followed by loss of con- 
sciousness. He was admitted to the hospital in shock one hour later and remained in collapse 
until his death on April 7, 1944. No cardiac glycosides were given. 


Electrocardiographic Findings.—An electrocardiogram obtained about five hours after the onset 
of symptoms is reproduced in Fig. 3 along with two subsequent tracings. Complete A-V block 
was present throughout. The form of the QRS complex suggested a nodal pacemaker. Although 
the QR complex in Lead aVy was not, in itself, diagnostic, the extreme RS-T elevation in Lead aVr 
and marked reciprocal depression in aV, were typical of recent posterior infarction. The tall, 
upright T waves in Leads aVy, II, and III of the first tracing constituted a recognized early 
finding'* and the subsequent reduction in voltage and inversion of the terminal portion of the 
T waves represented a characteristic evolution. The first phase of the QRS complex was upright 
in all precordial leads and was 0.5 mm. in amplitude in Lead V;, increased to 2.0 mm. in Lead 
V2, then decreased to .05 rfim. in Lead V;. The abnormal reduction in the R wave of Lead V3, 
together with the elevation of the RS-T junction and convexly upward RS-T segment in the 
first four precordial leads, raised the question of coexistent anteroseptal infarction. A recent 
pericarditis over the anterior wall in association with an old, healed anteroseptal infarction was 
also considered. The suspicion of anteroseptal infarction was temporarily dropped after the 
record of April 6, which revealed a normal QRS-T pattern in the precordial leads, but was resumed 
after the last tracing because of the reduction in the voltage of the R wave in the first four pre- 
cordial leads, together with recurrence of RS-T elevation in Leads V,; through V;. The inversion 
of the T waves in Leads V; and V¢, in view of the absence of Q waves from these leads, suggested 
an outlying zone of ischemia in the lateral wall of the left ventricle. 
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Fig. 3.—Serial electrocardiograms in Case 88. 
Fig. 4.—Serial electrocardiograms in Case 89 before and after the development of posterior infarction. 
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Pathologic Findings —The heart weighed 525 grams and exhibited a massive transmural 
infarct of the entire posterior surface of the left and right ventricles from base to apex, as well 
as the posterior half of the interventricular septum, occupying essentially the same position in 
the entire length of the posterior wall as the lesion in the third, fourth, and fifth segments of 
Fig. 2. A fibrinous pericarditis was found in the area of infarction, but the epicardium and 
myocardium of the anterior wall were negative. The relatively low Q/R ratio in Lead aV>» of 
the first tracing was probably due to the brief interval of five hours between the onset of symp- 
toms and the recording of the electrocardiogram. Unfortunately, Lead aVy was not repeated, 
but, judging from the changes in the initial deflection in Leads II and III, it would probably 
have shown a much deeper Q wave and larger Q/R ratio. The extension of the infarct into the 
posterior portion of the septum was apparently responsible for the complete A-V block. The 
infarct extended sufficiently into the posterolateral wall to explain the T-wave changes in Leads 
V; and V,. Since the first three precordial leads reflected the potential variations of the right 
ventricle and right side of the septum, the reduction in the R wave and the RS-T elevation in 
these leads on April 7 could be attributed to the septal infarction, whereas the small RS complex 
in Lead V, might have represented a transitional zonal phenomenon. Since the RS-T displace- 
ment in the first tracing extended into left ventricular Lead V4, it could not be explained by the 
septal infarction. It is possible that there was a transient acute injury to the anterior wall, 
associated with the shock, but not progressing to the stage of infarction. 


Case 89.—A 60-year-old diabetic woman gave a history of slowly increasing exertional 
dyspnea since 1937 and typical angina pectoris of gradually increasing severity since 1941. On 
Feb. 1, 1945, she was awakened by a much more severe constrictive retrosternal pain and was 
admitted to the hospital ten hours later. Hospital course was complicated by bronchopneumonia 
and death occurred on the thirty-second day. 


Electrocardiographic Findings.—Electrocardiograms before and after the final episode are 
reproduced in Fig. 4. The tracing of July 21, 1943, was obtained eight days after the with- 
drawal of digitalis. The minute R wave and deep S wave in precordial leads over the right 
ventricle and the tall R wave with slightly delayed peak in leads over the left ventricle were 
similar to those in six previous tracings and were interpreted as evidence of left ventricular hy- 
pertrophy. The depressed RS-T junction and inverted T waves of Leads V; through V¢ were 
probably in part associated with left ventricular hypertrophy and in part a remnant of digitalis 
action. A QS complex seemed to be present in Lead III on July 21, 1943, but a distinct initial 
R wave was found in other tracings during the preceding and the subsequent years. Through 
an oversight, Lead aVy was not obtained until February, 1945. No cardiac glycosides were ad- 
ministered during the month preceding the last two tracings. The QRS complexes of the stand- 
ard leads on Feb. 1, 1945, did not differ significantly from those on July 21, 1943, but the ap- 
pearance of a coved, negative T; and a reciprocally depressed RS-T segment in Lead I strongly 
suggested recent posterior infarction. The broad, slurred QS deflection and classical T wave in 
Lead aVr established the diagnosis. Right ventricular Leads V; and V2 showed virtual dis- 
appearance of the previous minute initial R wave, whereas left ventricular Leads V4 through 
V« showed no change in the QRS complex, but a significant increase in depression of the RS-T 
segment. This was more likely a reciprocal effect from the recent posterior infarct than a result 
of extension subendocardially into the anterolateral wall. In Lead aV»r, on February 14, the Q 
wave had decreased to 1.0 mm. and an R wave 4.0 mm. tall had appeared. The T wave was 
still inverted, but the RS-T junction had become isoelectric. The altered pattern in Lead aVr 
was carried over into Lead III. Three alternative explanations were considered for the change 
from a QS to a borderline QR pattern no longer diagnostic of infarction: (1) The entire thick- 
ness of the posterior wall may have failed to respond to the activating impulse on February 1, 
resulting in the registration of a QS complex in Lead aVy, and the subepicardial portion may 
have recovered subsequently, resulting in the development of an R wave at the expense of the 
Q wave. (2) A permanent small transmural infarct may have been localized to a portion of the 
posterior wall and the position of the heart in reference to the diaphragm, on February 1, may 
have been favorable to the transmission of the potential variations of the infarcted area to the 
left leg, whereas the position may have changed in the intervening two weeks so as to facilitate 
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transmission of the potential variations from an outlying ischemic zone. (3) The findings on 
February 1 may have been referable to septal infarction in a horizontally placed heart and the 
subsequent change may have been due to shift into intermediate position. A positive differen- 
tiation between these three alternatives was not made, because of failure to repeat tracings in 
different postures and respiratory phases. The striking reduction in the voltage of the R wave 
in Leads V4 through V¢ and in Lead I of the tracing of February 14 could not have been due 
to a technical error, since the standardization curve in each of these leads showed a deflection 
of 1.0 cm. in response to a potential difference of 1.0 millivolt. Patchy infarction of the antero- 
lateral wall may decrease the height of the R wave in these leads, but was considered very un- 
likely in this case because of the absence of associated changes in the RS-T segment and T wave. 
The disappearance of the RS-T displacement and increased height of the T wave in Leads V, 
through V. and Lead I constituted the expected findings in the evolution of a recent posterior 
infarction, The reduction in the voltage of the R wave was concurrent with the development 


Fig. 5.—Roentgenogram of the injected heart in Case 89, showing 
position of posteroseptal infarct. 


of bronchopneumonia complicated by left pleural effusion and was attributed to the appearance 
of an exudate in the intervening lung and pleura. Such an explanation would also account for 
the lack of significant changes in the voltage of the QRS complex in Leads V,; through V3, which 
lay to the right of the pulmonary lesion. 


Pathologic Findings.—The heart weighed 514 grams and showed an organizing posterior 
infarct occupying the areas outlined in Fig. 5. The infarct involved the subendocardial one- 
third of the posterior wall from apex to base, continuing for a short distance into the left side of 
the septum and extending into the subepicardial zone in the middle third of the posterior wall. 
Reference of the potential variations of the third and fourth segments to the leg might have 
accounted for the original QS pattern in Lead aVr, and a subsequent shift to bring either more 
apical or basal portions of the posterior wall into closer opposition to the diaphragm might have 
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explained the later QR pattern, The other alternatives were also compatible with the autopsy 
findings. Since there was no evidence of infarction of the anterior or lateral wall, the RS-T 
depression on February 1 was evidently a reciprocal effect of the recent posterior infarct, and the 
reduction in the voltage of the R wave in Leads V, through V, on February 21 was of extra- 
cardiac origin. Although septal infarction may be manifested by QS complexes in right ven- 
tricular leads, the virtual disappearance of the initial R waves in Leads V,; and V2 of the last 
two tracings was probably unrelated to the small lesion limited to the left side of the posterior 
third of the septum. 


Case 90.—A 59-year-old man was awakened by severe, choking retrosternal pain, which 
necessitated hospital admission three hours later. He had had a similar attack one year pre- 
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Fig. 6.—Electrocardiographic findings in recent posterior infarction. A, Case 90; B, 
Case 91; C, Case 92; D, Case 93; and E, Case 94. 


viously, which lasted only one and one-half hours. Death occurred eighteen hours after ad- 
mission. No cardiac glycosides were given. 


Electrocardiographic Findings.—An electrocardiogram obtained eleven hours after the on- 
set of the pain is reproduced in Fig. 6,4. The abnormal Q: and QS complex in Lead III, to- 
gether with elevation of the RS-T segment in Leads II and III and inversion of the T waves, 
were quite typical of posterior infarction, and the diagnosis was confirmed by the abnormal OS 
complex and inverted T wave of Lead aVy. All precordial leads were within normal limits. 
The only other noteworthy finding was a shifting pacemaker from the sinus to the A-V node. 
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Pathologic Findings.—The heart weighed 524 grams and displayed a transmural infarct of 
the posterior one-third of the interventricular septum and the adjacent posterior septal portions 
of the basal three-fifths of the left and right ventricles, as brought out in Fig. 7. Microscopic 
examination showed that the lesion was transmural and consisted of an old healed infarct of the 
subendocardial one-half and a recent infarction of the remainder of the wall. Although a cardiac 
position favorable to the predominant transmission of the potential variations of the epicardium 
covering the transmural infarct of the posterior wall to the left leg could have accounted for the 
QS pattern in Lead aVy, a late R wave larger than the notch near the end of the QRS complex 
would have been expected from activation of the surrounding uninfarcted portion of the free 
wall. For this reason, it was necessary to consider the alternative possibility that the heart 
was in semihorizontal position and that the septal portion of the infarct was responsible for the 
findings in Lead aVr. 


Fig. 7.—Roentgenogram of the injected heart in Case 90. 


Case 91.—A previously healthy 81-year-old man was suddenly stricken with retrosternal 
pain and dyspnea three weeks before hospital admission. He was finally brought to the hospital 
because of the development of anuria and circulatory collapse. No cardiac glycosides were 
given. Death occurred on the fourth hospital day. 


Electrocardiographic Findings.—An electrocardiogram obtained two hours after admission 
is reproduced in Fig. 6,B. The tall R wave in Lead aV, coupled with the deep downstroke in 
Lead aVy raised the question of horizontal position with reference of the potential variations of 
the right ventricle to the left leg to account for the findings in Lead aVy. However, close scru- 
tiny of the ventricular complex in Lead aVr revealed a small late R wave, which could not have 
been derived from the right ventricle. Thus, the QR complex in Lead aVr was believed to be 
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of left ventricular origin, and was considered diagnostic of posterior infarction, particularly in 
view of the 0.05 second interval between the onset and nadir of the Q wave. Elevation of the 
RS-T segment was attributed to recent infarction, inasmuch as digitalis had been excluded by 
the history. The findings in Lead III duplicated those in Lead aVr. The Q wave was absent 
from Lead II, but the slight elevation and straightening of the RS-T segment in this lead was 
somewhat suggestive of recent infarction. In Leads V; and V2 there was a slurred to W-shaped 
QRS complex and in Lead V; there was an initial R wave of 1.0 mm. followed by a notched S 
wave. A posterior infarction tends to reduce forces that are antagonistic to those which 
produce the R wave in precordial leads. Hence, in uncomplicated posterior infarction there is 
a tendency toward exaggeration of the R wave in precordial leads. For this reason, the 
initial Q wave in Leads V; and V2 and the minute R wave in Lead V; were attributed to 
involvement of the septum and adjoining anterior wall. The pattern of the RS-T segment 
in these leads was more in keeping with an old lesion. Thus, a diagnosis was made of a recent 
posterior and old, healed anteroseptal infarct. 


Pathologic Findings —The heart weighed 400 grams and displayed a recent infarct of the 
posterior wall adjacent to the septum, occupying a position almost identical with the subendo- 
cardial portion of the infarct in Case 89 (Fig. 5). Microscopic sections showed an organizing in- 
farct, extending through the subendocardial three-fourths of the posteroseptal wall. In ad- 
dition there was an old, completely healed infarct, occupying the subendocardial one-half of the 
anteroseptal wall and extending into the left side of the anterior half of the seputm. Although 
the anteroseptal infarct was localized to the apical one-half of the left ventricle, it presumably 
caused sufficient reduction in forces produced by septal activation to account for the absence of 
the initial R wave in Leads V; and V2 and the minute initial upright deflection in Lead V3. 
There was sufficient patchy fibrosis at the apex to account for the notching or slurring of the 
R wave in Leads V, and V;. The abnormally deep and prolonged Q wave and subsequent 
small R wave of Lead aVr could be correlated with the more recent infarct of the subendo- 
cardial three-quarters of the posterior wall. 


Case 92.—A 63-year-old man was admitted to the hospital six hours after the onset of a 
constricting precordial pain, which radiated into both arms. There were several recurrences of 
pain during hospitalization. He died in sleep on the ninth day. No cardiac glycosides were 
given. 


Electrocardiographic Findings.—An electrocardiogram obtained on the seventh hospital 
day is reproduced in Fig. 6,C. The QRS interval, as measured in Lead aVr, was 0.12 
or 0.02 second greater than in the precordial leads. The abnormal QR complex, elevated RS-T 
junction, and monophasic upright T wave in Lead aVr were typical of recent posterior infarc- 
tion and carried over into Leads II and III. The 2.0 mm. depression of the RS-T segment in 
the first four precordial leads and the 1.0 mm. depression in Lead aV, were attributed to the 
acute posterior infarction rather than to an independent lesion of the subendocardial layer of 
the anterolateral wall, because of the reciprocal relationship with the findings in Lead aVr in 
serial tracings. An electrocardiogram obtained on the second hospital day (five days prior to 
that reproduced in Fig. 6,C) showed a similar QRS pattern in Lead aVy and the precordial leads, 
but showed significant differences in the RS-T segments and T waves. Lead aVr displayed only 
a slight RS-T elevation and a deeply inverted T wave, whereas the first three precordial leads 
showed an isoelectric RS-T segment and tall, erect T waves. The increased upward displacement 
of the RS-T segment in Leads aVr, II, and III and the concomitantly developing depression in 
Leads V,, V2, and V; during the intervening five days were referable to further acute injury to 
the subepicardial layer of the posterior wall, due either to extension of the posterior infarct or 
overlying pericarditis. 


Pathologic Findings —The heart weighed 545 grams and revealed a recent transmural 
infarct involving the entire posterior wall except at the apex and extending into the posterior 
portion of the basal third of the septum, as outlined in Fig. 8. Death was due to rupture of the 
posterior wall in the basilar segment. Microscopic sections showed an infarct of about ten days 
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in age and a more recent extension in the two basilar segments. ‘These findings corresponded 
closely with the position of the infarct as judged by the abnormal QR pattern in Leads aVr, 
{1, and III and the recent extension as predicted from the increased elevation of the RS-T seg- 
ment in Lead aVr together with the reciprocal depression, developing in the first three pre- 
cordial leads. 


Fig. 8.—Roentgenogram of the injected heart in Case 92. 


CasE 93.—A 70-year-old man gave a history of an attack of severe retrosternal pain 
twenty-one years previously, from which he made a complete recovery. He had had recurrent 
bronchitis for nine years, but had no further cardiac symptoms until three days before admission 
to the hospital, when he was suddenly seized with a severe choking sensation accompanied by 
orthopnea. Death occurred on the second hospital day. 


Electrocardiographic Findings.—An electrocardiogram obtained after the administration of 
1.2 mg. of Cedilanid and seven hours before death is reproduced in Fig. 6,D. Auricular fibrilla- 
(ion was present with a ventricular rate of approximately 150 per minute. The standard leads 
showed a right axis deviation with a slurred RSR’ complex in Lead II and a QR complex in 
Lead III, which was not diagnostic of either recent or old myocardial infarction. On the other 
hand, Lead aVr showed a Q wave of 0.02 second duration that ranged from 1.0 to 3.0 mm. in 
depth and varied from 15 to 50 per cent of the amplitude of the succeeding R wave. The Q/R 
ratio, together with the slurring and slight prolongation of the ascending limb of the R wave, 
the slight elevation of the RS-T junction, and the inversion of the T wave, was strongly sug- 
gestive, though not pathognomonic, of posterior infarction. All precordial leads revealed an 
RS complex which maintained a fairly constant ratio throughout, but decreased in voltage as 


a 


n 
e 
t 
Ss 
’ 
A 
4 


560 AMERICAN HEART JOURNAL 


the electrode was moved into the axilla. ‘The relatively constant R/S relationship suggested a 
broad transitional zone, as a result of parallelism between the long axis of the septum and the 
pathway of the electrode from precordial Position 2 to Position 6, The rather striking depression 
of the RS-T segment in the first four precordial leads may have been due in part to Cedilanid, 
but was probably not produced exclusively by this glycoside, since the Q-T interval was at the 
upper limits of-normal. When considered in the light of the findings in Lead aVp, the reciprocal 
effect of a recent posterior infarction was regarded as a factor in the depression of the RS-T 


segment. 


Pathologic Findings —The heart weighed 469 grams and exhibited an old healed infarct 
of the subendocardial three-quarters of the posterior wall, as is evident in Fig. 9. A hemorrhagic 
discoloration was found in the posterolateral aspect of the apical segment and represented a re- 
cent extension of the old posterior infarct. Thus, the findings in Lead aVr gave a better repre- 


Fig. 9.—Roentgenogram of the injected heart in Case 93. 


sentation of the posterior infarct than those in the standard leads. The recent extension into 
the posterolateral wall of the apex was probably in part responsible for the depression of the 
RS-T segment in the first four precordial leads, but produced no direct signs in Lead V5, V«, 
or aV_, probably because these leads did not refiect the potential variations of the lateral as- 
pect of the left ventricle. 


Case 94.—A 58-year-old man had had exertional and paroxysmal nocturnal dyspnea for 
two years and repeated attacks of severe constrictive retrosternal pain during the four months 
preceding hospital admission. He was brought to the hospital because of a particularly severe 
attack of retrosternal pain complicated by cardiac failure and died suddenly on the fourth hos- 
pital day. 
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Fig. 10.—Electrocardiographic findings in old, healed posterior infarction. A, Case 95; B, 
Case 96; C, Case 97; D, Case 98; E, Case 99; F, Case 100; G, Case 101; and H, Case 102. 
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Electrocardiographic Findings.—An electrocardiogram obtained on the third hospital day, 
after the administration of 0.3 Gm. of digitalis, is reproduced in Fig. 6,£. Lead aVr displayed 
a slurred Q wave, which consumed 0.03 to 0.04 second from onset to nadir and ranged from 
30 to 50 per cent of the amplitude of the succeeding R wave. The QR complex in lead a\V,p 
was therefore regarded as abnormal and representative of posterior infarction. The dome- 
shaped RS-T segment and inverted T wave were suggestive, but not pathognomonic, of a re- 
cent infarct in the process of organization. The findings in Lead aVr carried over into Leads II 
and III, which were also indicative of posterior infarction. The RS-T segment depression in 
Lead aV_, and Lead I was regarded as a reciprocal manifestation of a recent infarct, rather than 
than as a digitalis effect. The pattern in Lead V¢ was suggestive of an outlying zone of ischemia, 
but was also compatible with left ventricular hypertrophy. The initial R wave was within nor- 
mal limits in Leads V,; and V2, but showed a significant decrease in amplitude in Leads V; and 
V4. The question arose as to whether the decrease in the R wave of Leads V; and V, was a 
transitional zonal phenomenon or whether it was the result of an old, patchy anteroapical infarct. 
Since the R wave in the precordial leads should have been exaggerated in the presence of an un- 
complicated posterior infarct, the decrease in Leads V3; and V, was considered significant and 
most likely due to a patchy anteroapica! infarct. 


Pathologic Findings.—The heart weighed 598 grams and showed an old posterior infarct com- 
parable in size and position to that in Case 93 (Fig. 9), with a recent extension into the postero- 
lateral wall of the apex similar to that in the previous case. The infarct extended in patchy 
fashion through the subendocardial three-fourths of the posterior wall and adequately explained 
the abnormal QR pattern in Leads aVr, III, and II. The recent lateral extension might have 
been a factor in the abnormal T waves in Leads V, and aV_, but caused no abnormality in the 
initial phase of the QRS complex. An old, healed patchy infarct was found in the apical one- 
third of the anteroseptal wall and was presumably responsible for the abnormal reduction in the 
amplitude of the initial R wave in Leads V3 and V,. 


Case 95.—A 67-year-old man was admitted to the hospital in coma with right hemiplegia 
due to cerebral hemorrhage. Past history was not obtainable. The patient did not regain con- 
sciousness and died on the ninth hospital day. No cardiac glycosides were given. 


Electrocardiographic Findings.—An electrocardiogram obtained on the morning of ad- 
mission is reproduced in Fig. 10,A. Lead aVr displayed a slurred Q wave, which consumed 0.04 
second from onset to nadir, followed by an R wave, which was coarsely notched on its descend- 
ing limb. The QR pattern in Lead aVy was diagnostic of posterior infarction and carried over 
into Leads II and III. The slight elevation of the RS-T junction and inversion of the T wave 
in these leads raised the question of a recent lesion in the process of organization, but could also 
have represented a fixed pattern associated with a healed posterior infarct. The transitional 
zone was displaced to the right. Precordial Leads V2 through V, showed a minute Q wave and 
an abnormally tall, slurred R wave and depressed RS-T junction, attributable in part to left ven- 
tricular hypertrophy and in part to reciprocal effects from destruction of the posterior wall. The 
QRS interval was 0.13 second. Left bundle branch block was excluded by the initial down- 
ward deflection in precordial leads over the left ventricle, together with the absence of marked 
delay in the attainment of the peak of the R wave in Leads V; and V¢. Since the intrinsicoid 
deflection was significantly later in Lead aV-r than in the precordial leads over the left ventricle, 
it was concluded that the main conduction defect was in the posterior wall of the left ventricle 
and was the result of the posterior infarct. 


Pathologic Findings.—The heart weighed 701 grams and exhibited an aneurysma/ pro- 
trusion of the posterobasal portion of the left ventricle, filled with a partially calcified lami- 
nated clot. The basal half of the posterior wall of the left ventricle was completely fibrosed and 
was reduced to a thickness of 2.0 to 3.0 millimeters. The aneurysm was a part of a huge healed 
infarct which involved almost the entire posterior and lateral walls of the left ventricle and ex- 
tended into the left side of the posterior half of the septum, as illustrated in Fig. 11. Micro- 
scopic examination showed no evidence of recent activity. Thus, the RS-T segment changes in 
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Leads aVr, II, and III were representative of a fixed pattern, which is commonly found in asso- 
ciation with ventricular aneurysm.'*?° The deep, broad Q wave in Lead aVr was a manifesta- 
tion of the posterior infarct, and the succeeding R wave may have been derived from patches of 
preserved muscle in the subepicardial portion of the apical half of the posterior wall. In spite 
of the demonstration of the continuation of the infarct into the posterior portion of the septum, 
the conduction defect was placed in the posterior wall for reasons given in the discussion of the 
electrocardiogram. The extensive involvement of the lateral wall had not been recognized elec- 
trocardiographically, but was sufficiently patchy in the apical two segments to have been re- 
sponsible for the small Q wave and broad, slurred R wave of Lead V¢. Since the anterior wall 
was not infarcted, the tall R and T waves in Leads V2 through V, were probably due in part to 
hypertrophy of the anterior wall and in part to reduction in the opposing potentials, normally 
created during activation of the posterior wall. 


Fig. 11.—Roentgenogram of the injected heart in Case 95, showing aneurysm of posterior wall 
filled with a partially filled mural thrombus. 


CasE 96.—A 58-year-old man had had transient retrosternal oppression and dyspnea on 
exertion for one year, but gave no definite history of a prolonged attack. Although he had been 
maintained on digitalis for the preceding six months, congestive failure developed, necessitating 
hospitalization. He remained in failure despite therapy and died on the eleventh hospital day. 


Electrocardiographic Findings.—An electrocardiogram obtained on the second hospital day 
is reproduced in Fig. 10,B. Four other tracings taken at intervals during hospitalization showed 
no change in rhythm or in the QRS-T contour. An auricular tachycardia was constantly pres- 
ent, the rate varying between 200 and 215 per minute. A complete A-V block was found in all 
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tracings. The ventricular rate ranged from 125 to 150 and the QRS interval measured 0.16 
second. These findings could have been explained either by a ventricular tachycardia or by a 
nodal tachycardia complicated by an intraventricular conduction defect. The uniformity in 
the QRS-T pattern at varying ventricular rates in five tracings was against ventricular tachy- 
cardia, because of the tendency of an idioventricular pacemaker to shift in position. In an 
analysis of the tracing based on the supposition of a pacemaker in the A-V node, two possible 
explanations for the conduction defect were considered, namely, left bundle branch block and a 
lesion in the free wall of the left ventricle. Left bundle branch block was excluded by the com- 
bination of initial negativity of the left ventricular cavity, as indicated by the Q waves in Leads 
V; and Vg, with initial positivity of the right ventricular cavity, indicated by the distinct, but 
brief, initial R wave consistently recorded in Lead aVrg. The beginning phase of the QRS com- 
plex was upright in the first three precordial leads and averaged 2.0 mm. in amplitude in Leads 
V, and V2 and decreased to 1.0 mm. in Lead V;. In view of these findings, the broad, slurred 
QS deflection of Lead V, and the W-shaped QRS complex of Lead V; were considered diagnostic 
of a transmural infarct of the anterolateral wall of the left apex. The abnormally broad initial 
Q wave and subsequent slurred R wave of Lead V¢ were attributed to extension of the infarct 
subendocardially into the lateral wall. The marked RS-T segment displacement in the pre- 
cordial leads was in part secondary to the conduction defect and in part the result of digitaliza- 
tion. The absence of significant change in serial tracings was strongly against a recent lesion. 
Lead aVr revealed a distinctive pattern characterized by a slurred Q wave, which consumed 
0.03 second from onset to nadir, followed by a coarsely notched ascending limb of the R wave, 
which required 0.08 second from onset to peak. Although the Q wave of Lead aV» was only 1.5 
mm. in depth and 15 percent of the amplitude of the succeeding R wave, the QR complex was 
definitely abnormal because of the slurring, notching, and prolongation of both the Q wave and 
ascending limb of the R wave. This pattern was considered diagnostic of a conduction defect in 
the posterior wall of the left ventricle and was attributed to an old posterior infarct. 


Pathologic Findings.—The heart weighed 516 grams and revealed an extensive old healed 
infarct which involved the entire circumference of the left ventricle in the two apical segments 
and the posterolateral wall in the three basal segments, as illustrated in Fig. 12. The infarct 
was transmural in the anteroapical region and in limited portions of the posterior wall. The 
lateral and most of the posterior portion of the infarct was characterized by dense fibrosis and 
scattered islands of preserved muscle in the subendocardial one-half to two-thirds of the wall 
and by patchy fibrosis with considerable preserved muscle in the subepicardial layer. The dis- 
tribution of the lesion in the anterolateral and posterior walls satisfactorily explained the ab- 
normal Q wave and the broad, slurred or notched, late R wave in Leads V5, Ve, and aVr. Al- 
though such a pattern might be recorded in these leads as a result of left bundle branch block 
complicated by massive septal infarction, this was very unlikely in the present case because of 
the limitation of the septal infarct to the apical third. Furthermore, the septal infarct did not 
extend high enough to account for the complete A-V block. 


Case 97.—A 52-year-old man gave a history of an attack of prolonged retrosternal oppres- 
sion, followed by congestive failure, one year previously, leading to hospitalization elsewhere. 
He was maintained on digitalis ever since and was essentially asymptomatic until the fortnight 
prior to hospital admission, during which he had recurrent attacks of angina pectoris. He was 
admitted in congestive failure and responded satisfactorily until the fourteenth day, when he 
suddenly died of pulmonary embolism. 


Electrocardiographic Findings.—An electrocardiogram obtained twenty-four hours after ad- 
mission is reproduced in Fig. 10,C. In Lead aVy there was a small Q wave 0.02 second in dura- 
tion, 1.0 mm. in depth, and approximately 15 per cent of the amplitude of the succeeding R 
wave. Judged solely by the foregoing characteristics, the Q wave of Lead aVr could not be con- 
sidered abnormal; however, the distinct notching of the succeeding upstroke and the delay in 
the intrinsicoid deflection indicated that the QR complex, taken as a whole, was abnormal. 
The QR pattern in Lead aVy pointed strongly toward a conduction defect in the posterior wall 
of the type produced by infarction of its subendocardial portion. The depressed RS-T junction 
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and inverted T wave of Lead aVr were probably in part secondary to the conduction defect and 
in part due to superimposed digitalis action. The transitional zone was displaced leftward to 
Position V;. In Lead V«, there was a minute initial Q wave, 1.0 mm. in depth, followed by a 
slurred ascending limb of the R wave, 0.05 second in duration. This pattern was more in keep- 
ing with left ventricular hypertrophy than with extension of the posterior infarct into the lateral 
wall. Since the QRS complex in Lead aV, was an almost exact reciprocal of that in Lead aVr, 
it presumably represented cavity potentials transmitted through the mitral orifice to the left 
arm. The possibility of lateral infarction should have been further investigated by supplemen- 
tary high precordial and axillary leads. 


Pathologic Findings—The heart weighed 553 grams and showed an old healed infarct of the 
subendocardial one-third of the posterolateral wall in the basilar three segments. This infarct 
was comparable in position to, though not quite as large as, the posterolateral infarct in the basi- 


Fig. 12.—Roentgenogram of the injected heart in Case 96. 


lar three segments in Case 96 (Fig. 12). The posterior portion of the infarct was well correlated 
with the abnormal QR pattern of Lead aVr, and the lateral portion of the infarct may have con- 
tributed to the QRS pattern of Lead V«. 

Case 98.—A 45-year-old man was admitted to the hospital in coma, which was due to a 
cerebral hemorrhage of hypertensive origin. No past history was obtainable. No cardiac 
glycosides were given. Death occurred twenty-four hours later. 


Electrocardiographic Findings——An electrocardiogram obtained ten hours after admission 
is reproduced in Fig. 10,D. Lead aVy displayed a Q wave, which ranged from 0.02 to 0.03 second 
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in duration, 2.0 to 3.0 mm. in depth, and 10 to 20 per cent of the amplitude of the succeeding 
R wave. Judged by the foregoing characteristics alone, this Q wave was not definitely ab- 
normal; however, the fact that the Q wave was followed by a slurred upstroke, which consumed 
0.05 second from onset to peak, indicated that the QR complex was abnormal. The QR pattern 
in Lead aVr pointed to a conduction defect in the posterior wall secondary to infarction of the 
subendocardial layer. The slightly elevated RS-T junction and inverted T wave were sugges- 
tive of an organizing lesion, but might have represented a fixed pattern. The initial deflection 
was upright in all precordial leads and was abnormally tall and prolonged in Leads V; and V,. 
The slight delay in onset of the intrinsicoid deflection in Leads V; and V4, together with the in- 
version of the T wave, was referable to left ventricular hypertrophy. The small equiphasic 
RS complex of aV, was attributed to transmission of potential variations of the transitional 
zone to the left arm, as the result of semivertical position of the heart. The findings in Leads 
II and III resembled those of Lead aVr and were suggestive of a subendocardial posterior infarct. 


Pathologic Findings.—The heart weighed 732 grams and exhibited a patchy fibrosis scat- 
tered through the subendocardial one-half of the entire posterolateral wall of the left ventricle. 
The patchy fibrosis was attributed to multiple small, healed infarcts of the type produced by 
circulatory collapse. The pattern in Lead aVy was well correlated with the findings in the pos- 
terior wall at autopsy. The involvement of the lateral wall was not evident electro- 
cardiographically, partly as the result of the semivertical position and partly, of the failure to 
take high precordial and axillary leads. 


Case 99.—A 64-year-old man had noted exertional dyspnea for one and one-half years and 
typical angina pectoris for eight months. He was hospitalized elsewhere two months previously 
because of a prolonged retrosternal pain and since then suffered from angina decubitus. He 
was admitted to the hospital in severe congestive heart failure and died three days later. Digi- 
talis was given before and during hospitalization. 


Electrocardiographic Findings.—An electrocardiogram obtained on the second day is re- 
produced in Fig. 10,£. The heart rate was 140 per minute; the P-R interval, 0.18 second; and 
the QRS interval, 0.16 second. Leads aVy and III displayed a broad initial downstroke, requir- 
ing 0.05 second from onset to nadir, followed by an exceptionally broad, slurred upstroke, re- 
quiring 0.08 second from onset to peak. This was originally interpreted as evidence of a very 
large posterior infarct, causing great delay in conduction through the posterior wall. In view of 
the fact that Leads aV, and V, showed a broad, slurred initial R wave, suggestive of left bundle 
branch block, an alternative interpretation should have been considered for Lead aVy, namely, 
that it was a transitional lead and reflected the potential variations of the posterior part of the 
septum and the adjacent portions of the right and left ventricles. Under these circumstances, 
the initial broad Q wave would have been representative of recordings often obtained through 
semidirect leads over the epicardial surface of the right ventricle in cases of left bundle branch 
block, whereas the late R wave would have been the result of the delayed activation of the pos- 
terior basal surface of the left ventricle adjacent to the septum. If this explanation were cor- 
rect, the findings in Leads aVr and III could have been the result of left bundle branch block 
uncomplicated by infarction. Close inspection of Leads V;, V2, and V; revealed a minute initial 
downward deflection, followed by a small, momentary R wave and then a deep, broad S wave. 
These leads were evidently reflecting the potential variations of the epicardial surface of the 
right ventricle. The small Q wave was attributed to initial negativity of the right ventricular 
cavity, as a result of activation of the septum from right to left; the small R wave was presum- 
ably derived from activation of the free wall of the right ventricle; and the deep S wave was 
a left ventricular phenomenon. Leads V; and V. were probably transitional and a more typical 
pattern of ieft bundle branch block would have been expected if Lead V; or Vs had been taken. 


Pathologic Findings.—The heart weighed 803 grams, as the result of very marked left ven- 
tricular hypertrophy with secondary right ventricular dilatation and hypertrophy. A relatively 
small healed infarct was found localized to the apical third of the posterior wall of the left ven- 
tricle and the left side of the contiguous septum. The distribution of the infarct in the two 
apical segments was like that in the first segment in Case 100 (Fig. 13), except that the lesion 
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was limited to the subendocardial half of the free posterior wall. Infarction confined to the apical 
third of the septum could not have produced left bundle branch block. The prolongation of the QRS 
complex was undoubtedly due to a lesion high in the septum, which had been unrecognized be- 
cause of failure to take multiple sections in the region of the bundle of His. Furthermore, the 
infarct localized to the subendocardial portion of the apical one-third of the posterior wall could 
scarcely have been responsible for the deep, broad Q wave in Lead aVy. In view of the autopsy 
findings, the pattern in Lead aVy was most likely a transitional zonal phenomenon, as the result 
of transmission of potential variations of the epicardial surface in the immediate vicinity of the 
posterior portion of the interventricular septum to the left leg. The initial Q wave was repre- 
sentative of negative potentials from the endocardial surface of the right side of the septum 
and cavity, which were transmitted through the posteroseptal portion of the right ventricular 
wall, and the late R wave was derived from the delayed activation of the posteroseptal wall of 


the left ventricle. 


CasE 100.—A 63-year-old man gave a history of exertional dyspnea for two years and par- 
oxysmal nocturnal dyspnea and ankle edema for two months. He denied chest pain. Despite 
the administration of digitalis by his family physician, he was in extreme congestive failure on 
hospital admission and died twenty-six hours later. 


Electrocardiographic Findings.—An electrocardiogram obtained twelve hours before death 
is reproduced in Fig. 10,F. An auricular tachycardia of 225 per minute was present with a P-R 
interval of 0.20 second and 1:1 ventricular response. The QRS interval of 0.11 second, the 
initial upstroke in precordial leads over the left ventricle, and the delayed intrinsicoid deflec- 
tion in Leads V,¢ and aV, were indicative of incomplete left bundle branch block. The question 
arose as to whether the W-shaped QS complex in Lead aVy was due to posterior infarction or 
whether it was merely secondary to the incomplete left bundle branch block and due to trans- 
mission of the potential variations of the normal right ventricle and transitional zone to the 
left leg. The differential diagnosis was aided by the contour of the ventricular complex and 
by measurements of the time interval between its onset and the apex of each of its three phases. 
The measurements from the beginning of the QRS complex were: 0.02 second to nadir of initial 
downstroke; 0.05 second to peak of upstroke; 0.07 second to apex of the final downward deflec- 
tion. If a heart with incomplete left bundle branch block were in horizontal position, the trans- 
mission of the potential variations of the epicardial surface of the normal right ventricle to the 
left leg might lead to the registration of a triphasic QRS in Lead aVr, consisting of a small Q 
wave due to early negativity of the right ventricular cavity, a brief R wave derived from acti- 
vation of the posterior wall of the right ventricle, and a deep S wave secondary to activation of 
the free wall of the left ventricle. However, this possibility was excluded in the present case 
by the fact that the peak of the upstroke occurred too late to have been derived from activation 
of a normal right ventricle. Furthermore, the findings were not attributable to a semihorizontally 
placed heart with incomplete left bundle branch block (analogous to the situation in Case 99), 
because the upstroke was too early to have been derived from activation of the posterobasal 
wall of the left ventricle and would not have been followed by a second downward deflection. 
On the other hand, the findings in Lead aVy could be adequately explained either by incomplete 
transmural infarction of the posterior wall of the left ventricle in a heart in intermediate po- 
sition or by infarction of the septum in a horizontally placed heart.’ Becasue of the early 
death of the patient, studies to establish the position of the heart and the site of the infarct were 


not made. 


Pathologic Findings—The heart weighed 577 grams and exhibited a healed incomplete 
transmural infarct of the posteroapical wall of the left ventricle which continued into the sep- 
tum and for a short distance into the right ventricle, as outlined in Fig. 13. Although the in- 
farcts in Cases 99 and 100 were comparable in position, that in the latter case was relatively 
more extensive, both in its distribution between endocardium and epicardium and in its surface 
area in reference to cardiac size. The findings in Lead aVy could have been adequately ex- 
plained by the posterior portion of the infarct, if the heart were in intermediate position, or by 
the septal portion, if the heart were in horizontal position. The latter alternative was favored 
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because of the rarity of marked Q-wave abnormalities in association with infarction limited to 
the posteroapical portion of the heart. 


Case 101.—A 48-year-old woman was admitted to the hospital in coma with left hemi- 
plegia. Past history was unobtainable. Death occurred on the fourth hospital day. 


Electrocardiographic Findings.—An electrocardiogram obtained on the second day, before 
the administration of cardiac glycosides, is reproduced in Fig. 10,G. The relatively small R and 
deep S waves in Leads V, through V; indicated that these leads reflected the potential variations 
of the right ventricle and the equiphasic RS complex in Lead V, was considered transitional. 
The apparent depression of the RS-T segment in Lead V, was an artifact, due to wandering of 
the string, secondary to poor application of the electrode. The prominent R wave in Lead aV;, 


Fig. 13.—Roentgenogram of the injected heart in Case 100, 


was of left ventricular origin and the associated inverted P wave suggested transmission from 
the posterobasal wall of the left ventricle. The notching of the R wave in Lead aV,, was abnor- 
mal and attributed to a posterobasal lesion. The findings in Lead aVy, coupled with those in 
the precordial leads indicated horizontal position with backward displacement of the apex. 
Both the cardiac position and the registration of a relatively early intrinsicoid deflection and 
prominent late S wave in Lead aVr indicated that the potential variations of the left leg were 
transmitted principally from the right side of the septum and the posteroinferior wall of the 
right ventricle rather than from the corresponding portions of the left ventricle. The distinct 
Q wave which preceded the RS complex in Lead aVr is an abnormal finding in right ventricular 
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leads and may occur as a result of left bundle branch block, right ventricular hypertrophy, or 
septal infarction.’’ Since the first alternative was excluded by the QRS interval of 0.09 second 
and the second alternative, by the QRS pattern in right precordial leads, consideration was 
given to the possibility that this Q wave was a manifestation of infarction of the left side of the 
septum. A lesion in this position could have interfered with the spread of impulses through 
the left Purkinje plexus to responsive septal muscle and could thus have indirectly favored ac- 
tivation of septal remnants by impulses distributed through the right Purkinje system. This 
would have caused initial negativity of the endocardial surface of the right side of the septum 
and should have produced a Q wave in leads facing this side of the septum. The Q wave in right 
ventricular Lead aVy was adequately explained by the presence of infarction of the left side of 
the septum, but the absence of the expected Q waves in leads from the right side of the pre- 
cordium failed to confirm the diagnosis. Infarction, if present, was presumably healed be- 
cause of lack of T-wave abnormalities. 
Pathologic Findings ——The heart weighed 639 grams and displayed a healed infarct of the 
apical third of the posterior wall of the left ventricle, which continued into the left side of the 
posterior half of the septum and crossed slightly into the right ventricle. The position of this 
infarct was similar to that in Case 100 (Fig. 13), except that it was limited to the subendo- 
cardial one-half to three-fourths of the posterior wall of the left ventricle and failed to reach the 
junction with the lateral wall. The relatively early R wave and late S wave in Lead aVy could 
not be correlated with the distribution of the lesion in the posteroapical wall of the left ven- 
tricle. If the potential variations of this portion of the heart had had the dominant effect on 
the recordings in Lead aVy, an abnormal Q wave and late R wave would have been expected. 
The Q wave in Lead aVr was not derived primarily from the extension of the infarct into the 
posterior wall of the right ventricle, since activation of the septum in the usual manner should 
have produced early positivity of the right ventricular cavity and, hence, an initial upstroke 
in right ventricular leads, irrespective of the presence or absence of infarction of the outer wall. 
The presence of an abnormal Q wave in Lead aVr could be correlated with infarction of the left 
side of the posterior half of the septum and its absence from right precordial leads could be ac- 
counted for by the preservation of the anterior half of the septum. 


Case 102.—A 57-year-old man in 1944 gave a history of protracted retrosternal pain radi- 
ating down the left arm. He was hospitalized on several occasions during the next three years 
because of recurrent congestive failure. Physical examination showed evidence of syphilitic 
aortic insufficiency. Death occurred in February, 1947, from congestive failure. 


Electrocardiographic Findings.—An electrocardiogram reproduced in Fig. 10,H was obtained 
in May, 1945, while the patient was taking digitalis in doses of 0.1 Gm. daily. Auricular fibril- 
lation was consistently present in a series of tracings over a period of two and one-half years and 
the QRS pattern in the precordial and limb leads showed no significant changes. The findings 
in the precordial leads were typical of left ventricular hypertrophy. The resemblance of Lead 
aV, to Leads V; and V, indicated that the potential variations of the lateral wall of the left 
ventricle were transmitted to the left arm. Lead aV¥r of all tracings displayed a triphasic QRS 
complex, consisting of small, brief Q and R deflections and a relatively deep S wave. The last 
two phases of the pattern in Lead aVr coupled with the findings in Lead aV1, suggested a hori- 
zontal position of the heart with predominant transmission of the potential variations of the 
right side of the septum and epicardial surface of the posteroinferior wall of the right ventricle 
to the left leg. The Q wave in Lead aVr was abnormal and, like that in Case 101, was believed 
referable to infarction of the left side of the septum. The initial R wave in Leads V; and Vs, 
which faced the anterior wall of the right ventricle, was also comparable to the findings in Case 
101 and, by analogy, suggested that the anterior portion of the septum had been spared. 


Pathologic Findings.—The heart weighed 755 grams and exhibited a healed infarct of the 
apical half of the posterior wall of the left ventricle which continued into the posterior half of 
the septum and crossed slightly into the right ventricle. The distribution of this infarct in the 
three apical segments was comparable to that in the second segment in Case 100 (Fig. 13), ex- 
cept that this lesion failed to reach the junction of the posterior wall with the lateral wall of the 
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left ventricle. The small Q, small R, and deep S wave in Lead aVr could be correlated with 
the infarct of the posterior part of the septum, but not with the lesions of the free posterior wall 
of the left or right ventricle, for the same reasons as in Case 101. 


Case 103.—A 69-year-old man entered the hospital because of right-sided pleural pain, 
fever, and a productive cough of one week's duration. Physical and roentgen examination es- 
tablished the diagnosis of pneumonia. Hospital course was uneventful until the twelfth day, 
when the patient suddenly died. No cardiac glycosides were given. 


Electrocardiographic Findings.—An electrocardiogram, including esophageal leads obtained 
on the eighth day, was published as Fig. 1 of a previous report." A presumptive diagnosis of 
posterior infarction had been made from the presence of a QR» and QS; in an earlier electro- 
cardiogram, taken on the second hospital day, but the age of the lesion was indeterminate 
from the T-wave pattern in that tracing. This led to the repetition of the electrocardiogram, 
including Lead aV» and esophageal leads. The diagnosis of recent incomplete transmural pos- 
terior infarction was established by the abnormal QS complex and typical displacement of the 
RS-T segment in Lead aVr of the tracing on the eighth hospital day and was confirmed by the 
deep Q deflection, minute R wave, elevated RS-T junction, and coved negative T wave 
in esophageal leads at the ventricular level. The tall, upright T waves in the first four pre- 
cordial leads were considered reciprocal to the posterior infarct and the dome-like inversion 
of the T wave in Lead V¢, in view of the absence of a Q wave, was attributed to an outlying 
zone of ischemia in the lateral wall. 


Pathologic Findings—The heart weighed 584 grams and exhibited a large transmural in- 
farct of approximately two weeks’ duration involving practically the entire posterior wall. 
The infarct was comparable in position to that in Case 92 (Fig. 8), except that it reached the 
posterior aspect of the apex. Thus, the prediction based on the pattern in Lead aVp and the 
esophageal leads conformed closely with the infarct found at autopsy. Death was due to rup- 
ture of the infarct with hemopericardium. Since the esophageal leads were obtained four days 
before death, it is probable that this procedure played no part in the terminal rupture. 


Case 104.—A 65-year-old man was in good health until the day of admission to the hos- 
pital, after he was seized with severe retrosternal pain while watching a ball game. He was 
brought to the hospital in profound circulatory collapse and died thirty-two hours later. No 
cardiac glycosides were given. 


Electrocardiographic Findings——An electrocardiogram was obtained three hours after 
the onset of the present illness, but is not reproduced because of the close resemblance of 
the limb leads to those in Case 88 (Fig. 3). Auricular fibrillation was present, complicated by 
complete A-V block with a regular ventricular rhythm of 44 per minute. The form of the QRS 
complex indicated a nodal pacemaker. The marked elevation of the RS-T segment in Leads 
aVr, II, and III was typical of a recent posterior infarction. The minute Q and relatively tall 
R waves in these leads, together with the straightened RS-T segments and tall, upright T waves, 
were compatible with a very early lesion. The first phase of the QRS complex was upright in 
all precordial leads except for Leads Vx and V;, which revealed an initial downstroke and a late 
notch on the succeeding ascending limb. Marked depression of the RS-T segment was found 
in Leads V2 through V; and also in Lead aV,, whose QRS complex resembled that of Lead V.. 
The displacement of the RS-T segment in Leads V2 through V was considered reciprocal to that 
in Lead aVy. A diagnosis was made of recent posterior infarction, which extended into the 
septum to produce the complete A-V block and possibly the findings in Leads V; and V3r. 


Pathologic Findings.—The heart weighed 340 grams and exhibited a large, recent transmural 
infarct involving the entire posterior wall and posterior half of the septum. The distribution 
in all segments was comparable to that in the three basilar segments in Case 87 (Fig. 2), except 
for the absence of septal perforation. From the microscopic findings, it was believed that the 
transmural lesion of the posterior wall and septum antedated the electrocardiogram. The min- 
ute Q wave and relatively tall R wave in Lead aVr indicated that the interval of three hours 
between the onset of symptoms and recording of the electrocardiogram was too short for ob- 
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literation of the response of the posterior wall to the activiting impulse, but not for interruption 
of conduction through the A-V node. The latter could be correlated with the transmural 
lesion of the posterior half of the base of the septum. Since the anterior wall was intact, the 
depression of the RS-T segment in Leads V, through V; was reciprocal to the posterior infarct, 
whereas the QS pattern in Leads V; and V3, may have been a manifestation of the septal lesion. 

Case 105.—A 74-year-old man was admitted to the hospital for the resection of carcinoma 
of the sigmoid. He had had hypertension for four years, but gave no definite history of myo- 
cardial infarction. He had no cardiac symptoms during the next eighteen months’ observation, 
prior to death from metastases. No cardiac glycosides were given. 

Electrocardiographic Findings.—An electrocardiogram obtained preoperatively is reproe 
duced in Fig. 14,4. Leads V5, Ve, and aV, displayed a minute Q wave and slightly delayed 
intrinsicoid deflection, attributable to left ventricular hypertrophy. A similar QR deflection 

as present in Lead I and a small R and R’ wave were found in Lead III, separated by a deep 
The standard leads thus showed definite left axis deviation, but were not diagnostic 
On the other hand, Lead aV¥r displayed a deep Q, 0.035 second in duration from 


S wave. 
of infarction. 
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Fig. 14.—Electrocardiographic findings in (A) posterior infarction (Case 105) contrasted with 
those in (B) semihorizontal position with left ventricular hypertrophy, but without infarction. 


onset to nadir, followed by a small R wave. The findings in Lead aVp were interpreted as evi- 
dence of posterior infarction. The initial R wave, which was found in Lead III, but not 
in Lead aVr, was derived from the initial negativity of the left arm. This was registered as a 
Q wave in Lead aV, and as an R wave in Lead III. For further evidence, esophageal leads were 
obtained and confirmed the diagnosis made from Lead aVy. The abnormally deep Q wave and 
slurred, prolonged ascending limb of the R wave recorded at Eso and Es, were diagnostic of 


Although the inverted T wave in esophageal leads raised the question 
Tracings re- 


posterior infarction, 
of organizing infarct, it proved on subsequent study to represent a fixed residue. 
peated periodically during the next eighteen months showed no significant change and thus 
confirmed the diagnosis of old posterior infarction. 

Pathologic Findings——The heart weighed 410 grams and revealed a well-localized trans- 
mural infarct of the posterior wall of the second, third, and fourth segments, as outlined in Fig. 
15. Thus, the autopsy findings confirmed the conclusions from Lead aVy and from esophageal 


leads. 
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The electrocardiogram in Case B (Fig. 14), is included for purposes of contrast. The pa- 
tient was a 60-year-old woman, who had been taking digitalis irregularly and was admitted in 
congestive failure. The delay in onset of the intrinsicoid deflection in Leads V5, Ve, and aV, 
was interpreted as evidence of left ventricular hypertrophy. The findings in these leads were 
thus comparable to those in Case 105. The delayed peak of the R wave in Lead I and the small, 
notched complex in Lead II likewise resembled those of the corresponding leads in Case 105. 
Lead III in Case B (Fig. 14) showed a QR complex, which raised the question of posterior in- 
farction. The unipolar extremity leads were also of considerable aid in the analysis of the 
standard leads and in the establishment of a diagnosis in this case. Because of the RSR’ com- 


Fig. 15.—Roentgenogram of the injected heart in Case 105. 


plex in Lead aVp, the suspicion of posterior infarct was dismissed. The deep Q wave of Lead 
III was derived from the potential variations of the left arm and was roughly the reciprocal of 
the record in Lead aV_, as would be expected from the fact that the connections to the left arm 
in Lead III are the reverse of those in Lead aVy. The heart weighed 460 grams and exhibited 
left ventricular hypertrophy. No evidence of posterior infarction was found at autopsy, thereby 
supporting the diagnosis made with the aid of Lead aVr. 


These two cases merely illustrate the fact that Lead aVr is preferable to Leads II and III 
for the interpretation of lesions of the posterior wall. The limitations of Lead aVr, as well as 
those of the standard leads, will be illustrated in subsequent cases. 
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Case 106.—A 78-year-old man had had exertional dyspnea and angina pectoris for two 
years and was admitted to the hospital in severe congestive failure complicated by broncho- 
pneumonia. Death occurred two days later. 


Electrocardiographic Findings.—An electrocardiogram obtained on the second hospital 
day, after the administration of 1.6 mg. of Cedilanid followed by 0.3 Gm. of digitalis, is repro- 
duced in Fig. 16,4. The precordial leads, which were not included in the illustration, merely 
showed evidence of left ventricular hypertrophy and digitalis effect. ‘There was an underlying 
sinus rhythm with frequent auricular premature beats, which were coupled in Lead aVpr and 
formed short runs of auricular tachycardia in other leads. The standard leads showed left axis 
deviation with an upright initial deflection in Leads I and II and a deep Q wave in Lead III. 
The question arose as to the significance of Q;. The initial deflection in Lead aVyr was down- 


Fig. 16.—Respiratory fluctuations in QRS pattern in Leads aVy and III of (A) posterior infarction 
(Case 106), and (B) left ventricular hypertrophy without infarction. 


ward in all but three cycles, where there was a questionable minute preliminary R wave. The 
Q wave of Lead aVr measured 0.02 second from onset to nadir and ranged from 2.0 to 5.0 mm. 
in depth, or from 66 to 200 per cent of the amplitude of the succeeding R wave. The changing 
Q/R ratio was attributed to respiratory shifting in cardiac position. Since the Q/R ratio was 
consistently within the abnormal zone, the findings in Lead aVy were considered strongly sug- 
gestive of an old, healed subendocardial posterior infarction; however, they could not be con- 
sidered as pathognomonic, because of the relatively low voltage of the QR complex, the 
short duration of the Q wave and the questionable preliminary R deflection in three cycles. 


a - 

in 

re 

ll, 

n- 

he 

n- 

a 

GASE B 


574 AMERICAN HEART JOURNAL 


Pathologic Findings.—The heart weighed 595 grams and exhibited an old, healed patchy 
infarct of the subendocardial one-half of the posterobasal portion of the left ventricle, as illus- 
trated in Fig. 17. This infarct was apparently responsible for the QR pattern in Lead aVy. 
In view of the fact that the basal portion of the posterior wall was involved and the apical por- 
tion spared, a respiratory shift, which periodically favored transmission of the potential vari- 
ations of a more distal portion of the posterior wall to the left leg, could have accounted for the 
intermittent initial R wave. 

Case B of Fig. 16 is included for contrast purposes. The patient in this case was a 65-year- 
old man who had been admitted to the hospital in coma with hemiplegia. The electrocardio- 
gram showed auricular fibrillation with rapid ventricular rate. Left axis deviation was pres- 
ent. Lead II showed an RS complex preceded by a distinct Q wave in approximately 
one-third of the cycles, and Lead III showed a notched QS deflection. Thus, the standard leads 


Fig. 17.—Roentgenogram of the injected heart in Case 106. 


were strongly suggestive of posterior infarction. The QRS pattern in Lead aVy was also quite 
variable. An initial Q wave, ranging up to 0,02 second in duration, was detectable in about 
one-half of the cycles. This Q wave was followed by an upstroke, which sometimes reached 
and sometimes crossed the isoelectric line, and then by a relatively deep S wave, which con- 
stituted the major deflection. If such a pattern had been present in all the cycles of Lead aVr, 
it would have justified a diagnosis of septal infarction in a transverse heart. However, the 
remaining cycles showed an initial R wave, which approached the amplitude of the succeeding 
S wave. The intermittent presence of an R wave of these proportions was against both septal 
and posterior infarction. The variable QRS pattern in Lead aVr in this case was best explained 
by semihorizontal position of the heart with transmission of potential variations of the posterior 
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part of the interventricular septum to the left leg. The respiratory shifting in the points of con- 
tact between the heart and diaphragm was considered responsible for the variability in the 
QRS complex. The patient died of cerebral hemorrhage. The heart weighed 700 grams and 
exhibited left ventricular hypertrophy, but showed no evidence of infarction. 


These two cases thus illustrate the precautions which must be taken in the interpretation 
of Lead aVry when respiratory or postural variations in the contour of the QRS complex 
are present. 

Electrocardiograms A, B, and C of Fig. 18 are included to illustrate the difficulties which 
arise in the interpretation of Leads aVr, II, and III. In Lead aVy of Fig. 18,4 there was a 1.0 
mm. Q wave and a 4.0 mm. R wave, making a Q/R ratio of 25 per cent. The time interval of 
0.02 second from onset to nadir of the Q wave in Lead aVr was within normal limits, whereas 
the duration of the upstroke of the R wave was also normal. A somewhat broader, slurred 
Q wave was present in Lead III and constituted 50 per cent of the amplitude of R; and 33 per 
cent of the tallest R wave in the standard leads. There was an 0.5 mm. Q wave in Lead II, 
which was about 10 per cent of the associated R wave. The Q/R ratio was thus abnormal in 
Lead III, borderline in Lead aVy, and within normal limits in Lead II. Because of the low voltage 
in Lead aVy and the normal duration of both the Q and R wave, one is not justified in attaching 
pathologic significance to the borderline ratio in this lead. The patient whose electrocardiogram 
was reproduced in Fig. 18,A died of cirrhosis and had a normal heart at autopsy. 


Attention is next directed to the QR complex in Leads II and III of Fig. 18,B. Q» was 1.5 
mm. in depth and approximately 20 per cent of the succeeding R wave. Q:; was 5.0 mm. deep 
and was nearly 50 per cent of the largest R wave in the standard leads. Thus, the QR pattern 
in Leads II and III and the associated inversion of T; were strongly suggestive of posterior 
infarction. The close correspondence of the QRS complex in Lead aVz. with that in Lead V¢ 
indicated transmission of the potential variations of the lateral wall of the left ventricle to the 
left arm, whereas the upright deflection in Lead aVr was believed to have been derived from the 
posterior wall of the left ventricle. The low voltage was probably due to loss in transmission 
between the diaphragm and leg and the slurring was of the type commonly associated with low 
voltage. The findings in Lead aVr were strongly against posterior infarction. Because of the 
very low voltage of the potentials referred to the left leg during ventricular activation, the re- 
cordings in Leads II and III were practically the reciprocal of those in Leads aVr and aVj, re- 
spectively. Thus, Qe was a manifestation of the initial positivity of the right arm, whereas 
Q; was the result of initial positivity of the left arm. The inverted T; was the reciprocal of the 
upright T wave in Lead aVy. When they were analyzed in the light of the findings in the uni- 
polar extremity leads, it was evident that the Q wave in Lead II and the Q and T waves in Lead 
III were not due to posterior infarction. The depression of the RS-T segment in left ventricular 
leads was attributable to a dose of 1.6 mg. of Cedilanid, which had been given before the electro- 
cardiogram was taken. The patient whose electrocardiogram is reproduced in Fig. 18,B died 
in cardiac failure. Autopsy revealed a heart weighing 520 grams with left ventricular hyper- 
trophy due to hypertension, but showed no evidence of posterior infarction. 

The electrocardiogram in Fig. 18,C was obtained on a 62-year-old hypertensive man who 
had been admitted to the hospital in shock following a sudden severe retrosternal pain which 
radiated down both arms and straight through to the back. He had received no cardiac gly- 
cosides. In Lead aVy there was a Q wave 3.0 to 4.0 mm. deep and approximately 75 per cent of 
the succeeding R wave. The time interval from onset to nadir of the Q wave in Lead aVy was 
0.03 second and that from the beginning to peak of the R wave was 0.04 second. A 2.0 mm. 
Q wave was found in Lead II, which was two-thirds of the succeeding R wave. Q; was 5.0 to 
6.0 mm. in depth and was equal to the tallest R wave of the standard leads. On the basis of 
these findings, the QR complex in Leads aVy, II, and III was considered abnormal and an elec- 
trocardiographic diagnosis of posterior infarction was made. A tall upright T wave with a con- 
cave upward RS-T segment, but without significant displacement of the RS-T junction, was 
registered in Leads aVr, II, and III. Sucha pattern was more in keeping with acute pericarditis 
than with recent infarction, but did not exclude the latter. Death occurred sixteen hours after 
the onset of the pain and one-half hour after the electrocardiogram was obtained. Autopsy 
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disclosed a dissecting aneurysm which had ruptured into the pericardium, causing distention 
of the sac with 400 c.c. of slightly clotted blood. There was no evidence of myocardial infarction 
either by gross or microscopic examination. The hemopericardium adequately accounted for 
the RS-T contour in Leads aVr, II, and III. A Q-wave pattern, resembling that of posterior 
infarction, has been reported previously in association with hemopericardium due to dissecting 
aneurysm." It has been suggested that the signs suggesting posterior infarction may be the re- 
sult of ischemia of the posterior wall from compression of the right coronary artery.“ In ex- 
perimental coronary occlusion of animals, abnormal Q waves make their appearance before 
histologic signs of infarction are detectable. It is possible that sufficient interference with cor- 
onary flow to the posterior wall had been produced in this case to alter its response to the ac- 
tivating impulse and thereby result in the registration of an abnormal QR complex. 
This might have occurred long enough before death to result in the registration of an abnormal! 
QR complex in an electrocardiogram taken one-half hour ante mortem, yet might have been 
present too short a time for the development of the histologic signs of myocardial infarction. 


OVe 


Fig. 18.—Shortcomings of Lead aVy and the standard leads. A, Normal heart; B, left ventricular 
hypertrophy without infarction; C, hemopericardium due to dissecting aneurysm; and D, recent postero- 
basal infarction (Case 107). 


Cast 107.—A 56-year-old man had suffered from bronchial asthma since 1937 and was 
first admitted to the hospital in August, 1941, because of lobar pneumonia. His blood pressure 
was normal and his heart was negative to physical and roentgen examination. He re-entered 
in March, 1943, because of typical angina pectoris and exertional dyspnea during the preceding 
four months. Examination revealed moderate hypertension, left ventricular enlargement, and 
failure. Digitalis was instituted and maintained for the rest of his life. Following discharge, 
he was fairly comfortable until May, 1944, when he again began to have frequent attacks of an- 
gina pectoris. He was readmitted on June 6, 1944, after twenty hours of continuous retro- 
sternal oppression and dyspnea. He became symptom free soon after hospitalization and 
remained so until the thirteenth day, when severe retrosternal pain recurred and resulted in 
death one-half hour later. 
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Electrocardiographic Findings.—An electrocardiogram obtained on June 7, 1944, forty-two 
hours after the onset of the pain which led to his final admission, is reproduced in Fig. 18,D. 
The QRS pattern in the precordial leads was not remarkable, and the displacement of the RS-T 
segment in Leads V, and V¢ was attributed to digitalis. There was a tendency to right axis 
deviation, as a result of the semivertical position of the heart. In Lead aV» there was a minute, 
slurred Q wave, which was considered normal because of a 0.22 second duration and an ampli- 
tude only 10 per cent of that of the succeeding R wave. These findings were carried over into 
Leads II and III, and the QR complexes in these leads were also within normal limits. The 
slight depression of the RS-T junction and inversion of the T wave in Leads aVy, II, and III 
were not attributable to a myocardial lesion, since patterns of this type may be observed in these 
leads as a normal variant or as a result of digitalis action. This tracing was therefore inter- 
preted as showing a semivertically placed heart and moderate digitalis effect, but no evidence 
of myocardial infarction. This opinion was strengthened by a comparison of this electrocardio- 
gram with former tracings in 1941 and 1943. The former electrocardiograms included only 
Leads I, II, III, and chest Leads V2, V4, and V¢. No significant difference was found in the 
ORS pattern in any of these leads and only minor differences were found in the RS-T segments 
and T waves, which were attributable to differences in degree of digitalis effect. Furthermore, 
a repeat tracing taken on the ninth hospital day and including the three standard and six pre- 
cordial leads showed almost identical QRS complexes to those of corresponding leads in 


Fig. 16,D. The RS-T segments and T waves in the precordial leads had not changed signifi- ~ 


cantly; however, the RS-T segments in Leads II and III were slightly more depressed, 
whereas the T waves had become low upright. This T-wave evolution was atypical of 
myocardial infarction, but unfortunately was not investigated further by esophageal leads. 


Pathologic Findings.—The heart weighed 458 grams and showed an organizing infarct con- 
fined to the subendocardial portion of the basilar half of the posteroseptal wall of the left ven- 
tricle, as outlined in Fig. 19. By microscopic examination, this infarct was estimated to be 
about two weeks in age and was limited to the subendocardial one-fourth to one-half of the wall. 
The lack of an abnormal QRS pattern in Lead aVy and the absence of significant change in the 
QRS complex of Leads II and III after the development of the infarct was probably due to 
localization to the subendocardial portion of the basilar half of the posterior wall. The T-wave 
changes, even in retrospect, were not diagnostic of posterior infarction, but along with the clini- 
cal history should have aroused sufficient suspicion to have led to the taking of esophageal leads. 
This case illustrates the limitations of both Lead aVr and Leads II and III in the diagnosis of 


posterior infarction. 


Cases 108 To 123, INcLUSivE.—The salient electrocardiographic and pathologic findings 
in these cases have been summarized in Table I, in order to conserve space. 


COMMENT 


Interpretation of Lead aVy.— 


Relation of QRS Pattern in Lead aVy to Cardiac Position: Because of the 
galvanometric connections employed,”*** the recordings in Lead aVr represent 
chiefly, though not quite exclusively, the potential variations of the left leg. 
The direction of potential change in the left leg at the arrival of the impulse 
in the ventricles depends primarily upon the surface of the septum that faces 
downward, whereas the potential variations of the left leg throughout the re- 
mainder of ventricular activation and repolarization are governed principally 
by those of the epicardial surface that rests upon the diaphragm. 

The portion of the septum that faces toward the left leg and the surface 
of the heart in juxtaposition with the diaphragm are subject to variation, not 
only in different persons, but also in a given individual, depending upon posture 
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and respiration.**** The electrical position of the heart is classifiable into five 
categories, namely, vertical, semivertical, intermediate, semihorizontal, and 
horizontal.”* The portion of the heart that faces downward and has the pre- 
dominant influence on the potential variations of the left leg consists of: (1) 
the left side of the septum and posterior wall of the left ventricle when the heart 
is in vertical, semivertical, or intermediate position; (2) the right side of the 
septum and the posterior wall of the right ventricle in horizontally placed 
hearts; and (3) the posterior end of the septum and adjoining walls of the right 
and left ventricles in semihorizontal position. 


Fig. 19.—Roentgenogram of the injected heart in Case 107. 


Determination of cardiac position constitutes the first step in the interpre- 
tation of the findings in Lead aVr. This is accomplished through a study of 
the QRS pattern in the unipolar limb leads in reference to that in the precordial 
or other semidirect leads, as discussed in detail in a previous communication.” 
Vertical and semivertical position can generally be established from the pres- 
ence of one of the following patterns in Lead aV,: a relatively small R and 
deep S wave, and an equiphasic RS complex or multiphasic QRS of low voltage. 
On the other hand, when Lead aV, displays a prominent R wave with or with- 
out a small Q deflection and/or S wave, the heart may be in horizontal, semi- 
horizontal, or intermediate position. Further differentiation depends upon the 
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findings in Lead aVr and is usually easy when the voltage of the QRS complex 
exceeds 0.5 millivolt. Intermediate position of the heart is established by the 
demonstration of one of the following patterns in Lead aVy: a monophasic 
upright deflection; an RS complex consisting of a prominent R wave, 5.0 mm. 
or more in height, followed by a relatively small S wave; or a QR complex of 
0.5 millivolt or greater. Horizontal position is established by the presence of 
relatively small R and deep S waves in Lead aVy, but may be manifested by a 
QS complex, as a normal variant, analogous to that found in Lead V;. The 
latter must be differentiated from the abnormal QS complex, found in Lead 
aVy as a manifestation of septal infarction, when the heart is in horizontal 
position, and from that occurring as a result of complete transmural posterior 
infarction when the heart is in intermediate to vertical position. Semihori- 
zontal position is indicated by the presence of a diphasic or multiphasic QRS 
complex of low voltage in Lead aVr, generally beginning with an upstroke, oc- 
casionally with a Q wave. The latter finding must be distinguished from the 
abnormal QR complex of posterior infarction. 

Derivation of the Normal QR Complex in Esophageal Leads and in aVr: 
A QR complex constitutes the usual finding in leads obtained from the lower 
esophagus and from other parts of the body that face toward the left side of 
the septum and posterior wall of the left ventricle. During the brief interval 
between the start of the spread of the impulse through the septum and its ar- 
rival at the posterior wall of the left ventricle, negative potentials derived from 
septal activation are transmitted from its left endocardial surface through the 
left ventricular cavity and resting myocardium to the epicardium of the pos- 
terior wall, and are registered as a Q wave through contiguous esophageal leads. 
As soon as the impulse reaches and begins to activate the subendocardial layer 
of the posterior wall, the polarity of its epicardial surface suddenly reverses, 
and the Q wave is replaced by the upstroke of the R wave. Because of the 
later arrival of the impulse at the basal than at the apical portion of the pos- 
terior wall, the Q wave in esophageal leads opposite the former is normally longer 
in duration and larger in amplitude than the Q wave in leads opposite 
the latter. 

When the heart is in vertical, semivertical, or intermediate position, the 
initial negative potentials transmitted through the posterior wall of the left 
ventricle are directed downward as well as backward and may normally reach 
the left leg in sufficient magnitude to be recorded as an initial downstroke in 
Lead aVr. In semihorizontally placed hearts, the low voltage QRS complex 
may begin with a small Q wave for the same reason. The normal Q wave in 
Lead aVr is subject to variation in duration and amplitude, depending upon 
whether it is transmitted principally from the posteroapical or posterobasal 
aspect of the left ventricle. The time from onset to nadir of the normal Q wave 
generally ranges from 0.01 to 0.02 second, but may reach 0.03 second in leads 
facing the posterobasal wall of the left ventricle. The amplitude of the normal 
Q wave is almost invariably less than 25 per cent of that of the succeeding R 
wave, except in the presence of low voltage of the entire QRS complex, when 
greater ratios may be encountered. 
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Derivation of the Abnormal QS and QR Patterns in Esophageal Leads: The 
QRS pattern in semidirect precordial leads is well correlated with the distri- 
bution of the infarct through the subjacent anterolateral wall,?° and that in 
semidirect esophageal leads corresponds closely with the distribution of the 
lesion through the contiguous posterior wall of the left ventricle. Thus, an 
abnormal QR complex represents the characteristic finding in esophageal leads 
opposite an infarct of the subendocardial layer of the posterior wall, and an 
abnormal QS deflection is the typical finding in esophageal leads subtending a 
complete transmural posterior infarct. When the subendocardial layer is in- 
farcted, the onset of activation of living muscle in the more superficial layer is 
delayed until the impulse has traversed or circumvented the infarct. During 
this period, negative cavity potentials, derived from activation of the septum 
and intact portions of the free wall of the left ventricle, are transmitted through 
the infarcted posterior wall to be recorded as an abnormaliy deep and _ pro- 
longed Q wave in contiguous esophageal leads. If the entire thickness of the 
wall has been destroyed, the string returns to the isoelectric line to complete 
a QS deflection, but if the impulse meets responsive muscle in the more super- 
ficial layers, the Q wave is followed by an R wave. The amplitude of the R 
wave is reduced in rough proportion to the residual intact muscle. Thus, the 
Q/R ratio is abnormally increased, not only by the exaggeration of the Q wave, 
but also by the reduction of the R wave. When the posterior infarct is patchy 
in distribution, neighboring esophageal leads may display a normal Q wave, 
followed by a notched or coarsely slurred, prolonged upstroke, presumably 
reflecting a circuitous pathway of the impulse between islands cf preserved 
myocardium. 


Derivation of the Abnormal QR Complex in Lead aVy: When the heart is 
in vertical, semivertical, or intermediate position, the potential variations of 
all or part of the epicardial surface of the posterior wall of the left ventricle are 
transmitted downward, as well as backward, to have the predominant effect 
upon the pattern in Lead aVr. Differences between the QRS pattern in 
esophageal leads and that in aVy in this range of cardiac positions are chiefly 
referable to the larger area of epicardium subtended by the electrode on the 
left leg. Thus, a large posterior infarct that is partly transmural, as evidenced 
by a QS deflection in some esophageal leads, will usually be manifested by a 
OR complex in Lead aVr, because of the fact that the area responsible for the 
pattern in Lead aVr is generally large enough to include part of the marginal 
or ischemic zones of the infarct. If a QS deflection is recorded in Lead aVr 
as a manifestation of infarction of the free posterior wall, it is almost invariably 
a transient finding observed during acute stage and is replaced by a QR com- 
plex as the lesion heals. The distinction between this type of QS deflection 
and the more common QS pattern occurring in Lead aV» of horizontally placed 
hearts will be considered. A small posterior infarct, detectable through esopha- 
geal leads, may or may not be manifested by diagnostic signs in Lead aVr, 
depending upon whether the potential variations of the left leg are derived 
chiefly from the involved or from the intact portion of the posterior wall. 
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Criteria for the Differentiation Between the Normal and Abnormal QR Com- 
plex in Lead aVy: The individual variations in the duration of the normal Q 
wave in Lead aVy and in the ratio of its amplitude to that of the succeeding 
normal R wave have been discussed. The QR complex associated with pos- 
terior infarction is subject to much wider range, depending upon the relation 
of the epicardial surface of the infarct to the diaphragm and the relative thick- 
ness of the infarcted and uninfarcted portions of the myocardium. Although 
no sharp dividing line can be drawn between the normal QR complex in Lead 
aVr and that associated with posterior infarction, the following criteria seem 
to offer the best separation and are employed in this study: (QR complexes of 
0.5 millivolt or more are considered diagnostic of posterior infarction when the 
Q wave measures 0.03 second or more from onset to nadir and exceeds 25 per 
cent of the amplitude of the associated R wave, and are classed as borderline 
to strongly suggestive when they meet one of these two requirements. QR 
deflections of low voltage that conform with both of the foregoing criteria are 
regarded as strongly suggestive of posterior infarction, but when the Q-wave 
duration is 0.04 second or more, they are classed as definitely abnormal. When 
a QR complex classifiable as borderline to strongly suggestive of posterior in- 
farction is found in a patient with previous electrocardiographic evidence of a 
normal pattern in Lead aVr, the serial change is considered diagnostic of pos- 
terior infarction. The pattern in Lead aVr of tracings taken within twenty- 
four hours of the onset of pain is considered diagnostic of posterior infarction 
when a QR complex is accompanied by classical displacement of the RS-T 
segment, even though the duration and/or amplitude of the Q wave are within 
normal limits. QR complexes of 0.5 millivolt or more in Lead aVr, character- 
ized by a distinct Q wave followed by a prolonged, notched, or coarsely slurred 
upstroke are considered abnormal, even though the duration of the Q wave 
and/or Q/R ratio do not meet the foregoing minimal requirements. The Q 
wave reflects initial negativity of the left ventricular cavity and thus indicates 
that the conduction defect responsible for the prolongation and notching of the 
ascending limb of the R wave is located in the free wall of the left ventricle 
rather than in the septum. This type of QR pattern is associated with healed 
patchy posterior infarction and constitutes an expression of alteration in the 
course of the activating impulse due to the interspersing of dense patches of 
fibrosis and islands of intact myocardium. A comparable QR pattern might 
be expected as a manifestation of dense fibrosis due to other etiological fac- 
tors, such as inflammation, but these are relatively rare in comparison with 
myocardial infarction. A broad, notched R wave of 0.5 millivolt or more in 
Lead aVr, without an antecedent Q wave, is probably representative of a con- 
duction defect in the posterior wall rather than in the septum when measure- 
ments of the QRS interval are normal in the precordial leads and distinctly 
longer in Lead aVry, but less than 0.12 second in all leads. Such a finding is 
considered suggestive of patchy posterior infarction. The foregoing criteria 
are not applicable in the presence of left bundle branch block, since Lead aVr 
may display a broad, notched R wave when the heart is in vertical to inter- 
mediate position, an abnormal QR complex when in semihorizontal position, 


n 
1 
y 
~ 
Re 
; 
a 
44 
de 
! 


584 AMERICAN HEART JOURNAL 


and a broad QS pattern when in horizontal position, irrespective of the presence 
or absence of infarction. 


Differentiation of the Normal and Abnormal QS Deflections in Lead aVy: 
When the heart is in horizontal to semihorizontal position, the potential varia- 
tions of the right side of the septum and epicardial surface of the right ventricle 
have the predominant effect upon the pattern in Lead aV» and are registered in 
most normal subjects as an RS complex, consisting of a relatively small R wave 
derived mainly from activation of the septum, followed by a prominent S wave, 
representing negative potentials transmitted from the left ventricular cavity 
through the septum and right ventricle as these structures become depolarized. 
A QS complex may be recorded as a normal variant in place of the usual RS 
complex in Lead aVr, probably as the result of loss of the small positive poten- 
tials in the course of transmission form the epicardial surface of the right ven- 
tricle to the left leg and perhaps in part, of a position facilitating transmission 
of opposing left ventricular cavity potentials through the mitral orifice into the 
left and right atria and thence to the left leg. A QS complex may also be re- 
corded in Lead aV,» of horizontally placed hearts as a manifestation of septal 
infarction and is probably analogous in origin to the abnormal QS complex 
in Lead V, and in other precordial leads to the right of the transitional zone. 
The abnormal QS complex in leads facing the right side of the infarcted septum 
probably reflects an initial negativity of its endocardial surface, because of 
either a complete transseptal lesion that serves as a window capable of trans- 
mitting negative potentials from the left to the right ventricular cavity, or a 
lesion confined to the left side of the septum that results in the activation of 
intact septal remnants by way of the right rather than the left Purkinje plexus." 
This abnormal QS deflection tends to occur in Lead V,; as a manifestation of 
infarction of the anterior half of the septum and in Lead aVr of horizontally 
placed hearts as a manifestation of infarction of the posterior half of the sep- 
tum." The QS deflection due to acute septal infarction may usually be recog- 
nized as abnormal from the presence of a characteristic pattern of the RS-T 
segment. The QS deflection due to healed septal infarction and that which 
occurs as a normal variant in Lead aVr may usually be differentiated by the 
nature of the change induced by repetition of the tracing in the erect posture 
and during deep respiration. The replacement of the QS by an RS deflection 
as the heart shifts in position suggests that the QS deflection was a normal 
variant. On the other hand, the appearance of a triphasic QRS complex con- 
sisting of a small Q, small R, and deep S wave, or the appearance of an abnormal 
QR complex conforming to the criteria given, is indicative of infarction. 

The problem of differentiating the abnormal QS complex due to septal in- 
farction in a horizontally placed heart from that due to transmural infarction 
of the free posterior wall in an intermediate to vertically placed heart remains 
for consideration. The distinction is perhaps of-more theoretic than practical 
interest, since large transmural infarcts of the posterior wall almost always 
extend into the septum, whereas infarcts of the posterior part of the septum 
continue into the free posterior wall. When the findings in Lead aV, indicate 
vertical or semivertical position of the heart, a QS pattern in Lead aVy is at- 
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tributable to transmural posterior infarction. When a tracing in a different 
posture reveals a triphasic QRS complex of normal duration in Lead aV cen- 
sisting of a small Q, small R, and prominent S wave, the findings are referable 
to septal infarction. The deep S wave indicates predominant transmission of 
the potential variations of the left leg from the epicardial surface of the pcs- 
terior wall of the right rather than the left ventricle, and the Q wave preceding 
the R wave indicates initial negativity of the right ventricular cavity due to 
septal infarction." 

Correlation of Electrocardiographic and Pathologic Findings.— 

Esophageal leads were obtained in Case 103 during the acute stage and in 
Cases 86, 105, 129, and 152 after healing of the posterior infarct. All leads 
at the ventricular level in Case 103 revealed a deep prolonged Q wave followed 
by a small terminal R wave, despite the presence of a transmural infarct that 
ruptured four days after the studies were made. The pattern of the RS-T 
segment was in keeping with the organizing lesion found at autopsy. Leads 
at the ventricular level in Cases 86, 105, and 129 revealed a QR complex that 
was considered abnormal from both the standpoint of duration of the Q wave 
and Q/R ratio. These findings could be correlated with the distribution of the 
posterior infarct at autopsy. The Q/R ratio in leads from the ventricular level 
of Case 152 was within normal limits, but the coarse notching of the upstroke 
of the R wave pointed to a patchy infarct of the posterior wall. The lesion in- 
volved the subendocardial half of the entire posterior wall and was more ex- 
tensive than had been anticipated from the esophageal leads. 

Lead aVy: The correlation between the findings in Lead aVy and those 
at autopsy has been covered in each individual report, and remains to be sum- 
marized for the entire group of 110 cases. The pattern in Lead aV>y in each 
case has been classified, in accordance with the criteria already given, into one 
of the following three categories: diagnostic of infarction; borderline to strongly 
suggestive; and negative for infarction. The cases have been subdivided into 
six groups, in accordance with the size and position of the infarct in reference 
to the long axis of the posterior wall of the left ventricle: (a) infarction ex- 
tending more than two-thirds of the length of the posterior wall; (b) involve- 
ment of the basal one-half to two-thirds; (c) infarction of the apical one-half io 
two-thirds; (d) infarction of the apical one-third; (e) involvement of the basal 
one-third; and (f) infarction of the middle one-third. 

(a) Findings in Lead aVy in the Presence of Infarction Involving More Than 
Two-thirds of the Long Axis of the Posterior Wall: Sixteen cases were observed 
with a recent infarct extending more than two-thirds of the length of the peos- 
terior wall, and twenty cases were observed with a healed lesion of comparable 
distribution. The findings in Lead aVy were considered diagnostic of posterior 
infarction in twelve of the patients with a recent lesion and in eleven of those 
with a healed lesion and were regarded as diagnostic of septal infarction in 
two other patients with a healed lesion of the septum and posterior wall. A 
tracing obtained twenty-three hours after the onset of the pain in one other 
patient revealed displacement of the RS-T segment typical of recent posterior 
infarction, but failed to show an abnormal Q wave, probably because of an 
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interval of insufficient duration for obliteration of the response of the acutely 

infarcted posterior wall to the activating impulse. The electrocardiographic 
findings were classed as borderline to strongly suggestive in two other patients 
with recent infarction and in four of those with a healed lesion. Lead aVy was 
negative in one case of recent infarction and in three cases of remote infarction. 
The diagnostic failure was attributable to horizontal position of the heart in 
three patients (Cases 35, 109, and 152), but occurred in one patient with ex- 
tensive posterolateral infarction (Case 158) despite intermediate position of 
the heart. It is probable that the intact septal half of the posterior wall of the 
left ventricle was responsible for the normal R wave recorded in Lead aVr in 
this case. 

(b) Findings in Lead aVy in the Presence of Infarction of the Basal One- 
Half to Two-Thirds of the Posterior Wall: A recent lesion of this distribution 
was found in three cases and a healed infarct in eight cases. The findings in 
Lead aV»y were considered diagnostic of posterior infarction in two of the former 
and three of the latter and were classed as borderline in two other cases of 
healed posterior infarction. A broad QS complex registered in Lead aVy in 
another case was ascribed to left bundle branch block in a horizontal heart and 
was believed independent of the posterior and septal infarcts found at autopsy. 
Diagnostic failures were encountered in two cases of healed infarction due to 
horizontal position and in one case of recent infarction of the subendocardial 
oné-fourth to one-half of the posterobasal wall (Case 107). This lesion was 
triangular in shape with its base near the atrioventricular groove and its apex 
in the middle portion of the posterior wall. A single record of Lead aVy and 
serial tracings of the standard leads were not diagnostic of posterior infarction, 
despite semivertical position of the heart. In view of the normal QR complex 
in Lead aV» in this case, it is probable that the potential variations of the left 
leg were transmitted mainly from the intact apical half of the posterior wall of 
the left ventricle. 

(c) Findings in Lead aVy in the Presence of Infarction of the Apical One- 
Half to Two-Thirds of the Posterior Wall: Six patients were observed with a 
recent infarct and fourteen with a healed lesion of this distribution. Lead aVr 
provided definite evidence of posterior infarction in four patients from each 
group. Diagnostic signs were also present in three other patients with a healed 
infarct, but were ascribed to the lesion of the septum rather than to that of 
the posterior wall. The pattern in Lead aVy was classed as borderline to 
strongly suggestive in one other patient with recent and three with healed 
infarction. Lead aVp was negative in one patient with recent infarction (Case 
81) and in four with a healed lesion (Cases 45, 73, 113, and 151). The diag- 
nostic failures were attributable to horizontal position in three of the patients. 
The heart was in intermediate position in the other two (Cases 81 and 113) and 
the presence of an initial R wave instead of a Q wave in Lead aVr was due to 
eft bundle branch block. 

(d) Findings in Lead aVy in the Presence of Infarction of the Apical One- 
Third of the Posterior Wall: Of the thirty-three cases classified into this group, 
the lesion was recent in sixteen and healed in seventeen. The involvement of 
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the apical third of the posterior wall was primary in five cases and represented 
an extension from a primary anterior or lateral infarct in the remainder. Diag- 
nostic signs in Lead aVr referable to the lesion of the posterior wall were found 
in only one case of recent and two of healed infarction, whereas diagnostic 
findings referable to a septal extension were present in one additional case of 
recent and in two of healed infarction. Borderline signs were found in two 
cases of acute and one of old infarction. A very broad, slurred QR complex 
was present in Case 99, but was believed referable to an independent left bundle 
branch block in a semihorizontally placed heart rather than to the infarct of 
the apical third of the posteroseptal wall. A QS complex 3.0 mm. deep, recorded 
in Lead aVr in Case 137, could not be correlated with the subendocardial pos- 
terolateral infarct found at autopsy. Since the septum was intact, the QS 
complex was believed to represent a normal variant due to semihorizontal 
position. Lead aVy was negative in the remaining twelve cases of recent in- 
farction and ten cases of healed infarction. Horizontal position of the heart 
was primarily responsible for the diagnostic failures in eight of the former and 
in six of the latter. However, it is noteworthy that the heart was in vertical, 
semivertical, or intermediate position in the other four cases from each group 
with negative findings in Lead aVy. In the four cases with a recent lesion 
(Cases 26, 37, 42, and 142) an extensive anterolateral infarct may have con- 
tributed to the diagnostic failure by reducing the negative left ventricular 
cavity potentials available for transmission through the posterior infarct to the 
left leg. The failure to detect evidence of the posterior infarct in Lead aV» of 
the four patients with a healed lesion (Cases 18, 83, 116, and 157) and per- 
haps in the four patients with a recent lesion, as well, was probably due to pre- 
dominant transmission of the potential variations of the left leg from portions 
of the posterior wall proximal to the apical third. This premise was supported 
by the lower incidence of diagnostic failures when the posteroapical infarct 
continued into the middle third of the posterior wall. Thus, diagnostic failures 
were encountered in eight of the fourteen patients with an infarct of the apical 
third of the posterior wall in an intermediate to vertically placed heart and in 
only two of the fourteen patients with an infarct of the apical one-half to two- 
thirds of the posterior wall in a comparably placed heart. Furthermore, the 
lack of diagnostic evidence in these two cases could be accounted for by the 
presence of left bundle branch block. 


(e) Findings in Lead aVy in the Presence of Infarction of the Basal One- 
Third of the Posterior Wall: One patient was observed with a recent infarct 
and three with a healed lesion confined to the basal third of the posterior wall. 
The QS complex recorded in Lead aVy in the patient with the recent infarction 
was probably referable to the lesion of the septum rather than to the involve- 
ment of the posterior wall. Diagnostic failures were encountered in the other 
three (Cases 15, 75, and 123), despite semivertical to vertical position of the 
heart. The failure to detect evidence of the posterior infarct could be ascribed 
to involvement of the subepicardial layer in Case 15, but was probably due to 
predominant transmission of the potential variations of the left leg from por- 
tions of the posterior wall distal to the basal third in the other two patients. 
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This premise was supported by occurrence of only one diagnostic failure among 
eight patients with a posterobasal infarct that continued into the middle third of 
the posterior wall in an intermediate to vertically placed heart. 

(f) Findings in Lead aVy tn the Presence of Infarction of the Middle Third 
of the Posterior Wall: A recent infarct of this distribution was found in one 
case and a healed infarct in five cases. The QS complex recorded in Lead aV,» 
in Case 135 could not be correlated with the recent subendocardial postero- 
lateral infarct found at autopsy. Since the septum was not infarcted, the QS 
complex was believed to represent a normal variant due to horizontal position. 
The findings in Lead aVy were considered diagnostic of posterior infarction in 
three of the five patients with a healed lesion and were classed as borderline in 
one additional patient. A normal QR complex was found in Lead aVy of the 
remaining patient (Case 120), despite semivertical position. The lack of pro- 
longation of the Q deflection and the low Q/R ratio were probably due to the 
small size of the infarct. The fact that a diagnostic failure occurred in only 
one of five patients with a relatively small infarct in the middle third of the 
posterior wall supports the premise that this portion of the posterior wall has 
the predominant effect on the potential variations of the left leg when the heart 
is in intermediate to vertical position. 

Precordial leads face toward the endocardial surface of infarcts of the free 
posterior wall of the left ventricle, and thus would be expected to show changes 
opposite to those in leads facing the epicardial surface, such as the esophageal 
leads, and, in addition, Lead aVr, when the heart is in intermediate to vertical 
position. Electrocardiographic studies were obtained during the acute stage 
of posterior infarction in fourteen cases, where autopsy subsequently confirmed 
the presence of the posterior lesion and excluded infarction of the anterior wall. 
In nine of the fourteen cases, precordial leads revealed reciprocal changes in 
the RS-T complex, characterized by acute depression of the RS-T segment dur- 
ing the stage of injury, followed by return of the RS-T junction to the isoelec- 
tric line accompanied by exaggeration in the amplitude of the erect T wave. 
These changes were found in Leads V; and VY, in all nine cases, and extended 
to the right to Lead V, in four and to the left as far as position V¢ in four. 
Unusually tall R waves were also present in Leads V, through V, in four of the 
cases. The findings in the precordial leads of this group of fourteen patients 
contrasted sharply with those in a group of thirty patients with recent posterior 
infarction, complicated by acute or healed anterior infarction.2* The precordial 
leads of the latter group showed no changes that could be ascribed to the re- 
ciprocal effects of the recent posterior infarct. 

Standard Leads II and III failed to provide diagnostic evidence of poste- 
rior infarction in patients with normal Lead aVr, because of the similarity in the 
galvanometric connections to the left leg. Furthermore, the application of the 
Pardee criteria or their various modifications to the interpretation of the find- 
ings in the standard leads led to errors in a number of cases where correct diag- 
noses could be made from the findings in Lead aVy. The reason for this could 
be traced to the much greater influence of the potential variations of the upper 
extremities on the patterns in Leads II and III than upon that in Lead aVr. 
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Occasional cases of posterior infarction, such as Cases 64, 105, and 125, were 
recognizable from the abnormal Q wave in Lead aVy, but would have been 
missed from the standard leads because of the presence of a normal initial R 
wave in Lead III. This discrepancy was due to an initial negativity of the left 
arm, which was manifested by a Q wave in Lead a\V,, but by a reciprocal R 
wave in Lead II] because of the reversal in galvanometric connections to the 
left arm. On the other hand, a deep Q; and inverted Ts; may be recorded in 
the absence of posterior infarction, as emphasized in a previous communica- 
tion."! This is prone to occur: (a) in semihorizontal cardiac position when a 
tall initial R wave is recorded in Lead aV, because of transmission of the po- 
tential variations of the anterolateral wall of the left ventricle to the left arm 
and an RS or RSR’ complex of low voltage is recorded in Lead aVy because of 
the transmission of the potential variations of the transitional zone to the left 
leg, as illustrated by Fig. 14,B; (b) in intermediate position when extracardiac 
conditions favor transmission of the potential variations of the left ventricle 
to the left arm, but interfere with their transmission to the left leg, as evidenced 
by a tall initial R wave in Lead a\, and a minute, monophasic upright deflec- 
tion in Lead aVy and exemplified by Fig. 18,B. The Pardee Q; in both cases 
was recognized as a normal variant rather than a manifestation of posterior 
infarction by the fact that Lead aV»y displayed an RSR’ complex in the former 
and a small monophasic R wave in the latter. Since the potential variations 
of the leg were small in omparison to those of the left arm in both cases, the 
recordings in Lead III represented chiefly the potential variations of the left 
arm and were the reciprocal of those in Lead aV, because of the reversal in 
galvanometric connections. It is also noteworthy that the tracing reproduced 
in Fig. 18,B not only exhibited a Q;T pattern, but also a QR complex in Lead 
If compatible with posterior infarction, yet the heart merely showed uncom- 
plicated left ventricular hypertrophy at autopsy. Reference to the Goldberger 
augmented leads showed that Q2 was due to initial positivity of the right arm 
and that the QR complex in Lead II was the approximate reciprocal of the 
RS complex in Lead aVr. Because of the demonstrated inferiority of the evi- 
dence furnished by the standard leads to that furnished by Lead aVy for the 
diagnosis of posterior infarction, a statistical summary of the findings in the 
standard leads in this series of 110 cases does not justify the space required. 


SUMMARY 


The findings in Lead aVy have been analyzed and correlated with cardiac 
position and with the pathologic findings in 110 patients with infarction of the 
posterior wall of the left ventricle. The infarct was recent in forty-three cases 
and healed in the other sixty-seven. 

Determination of the electrical position of the heart was essential to the 
interpretation of the findings in Lead aV», since the direction of the initial 
phase of the QRS complex was dependent upon the surface of the septum that 
‘aced downward, whereas the potential variations of the left leg throughout 
the remainder of the cycle were governed principally by those of the epicardial 
surface that rested upon the diaphragm. 
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Findings in Lead aVy in Thirty-Five Cases of Posterior Infarction With 
Electrocardiographic Evidence of Horizontal to Semihorizontal position of the 
Heart.—\n twenty-two of the group, Lead aV» displayed a small R and deep 
S wave, representative of the customary findings due to transmission of the 
potential variations of the right side of the septum and epicardial surface of the 
posterior wall of the right ventricle to the left leg and in no way suggestive of 
the posterior infarct found at autopsy. In nine others, a continuation of the 
infarct into the septum was manifested by one of the following three diagnostic 
patterns in Lead aVr: a small Q, small R, and deep S wave; a small Q and 
tall late R wave similar to the pattern in Lead V, and referable to septal infarc- 
tion with right bundle branch block; and a QS complex attributable to septal 
infarction after establishment of the presence of transverse position and ex- 
clusion of the QS complex that occurs as a normal variant under these circum- 
stances. The latter was present in two of the thirty-five cases. Lead aV> 
in the two remaining cases displayed a broad, slurred QS and QR complex, re- 
garded as a manifestation of left bundle branch block in a horizontal and semi- 
horizontal heart, respectively, and considered independent of the posterior and 
and septal infarcts found at autopsy. 

Criteria for the Diagnosis of Posterior Infarction in the Presence of Inter- 
mediate, Semivertical, or Vertical Position of the Heart.—Under these conditions, 
the potential variations of the epicardial surface of the posterior wall of the 
left ventricle had the predominant effect upon the QRS-T pattern in Lead 
aVry. The abnormal QR pattern due to posterior infarction was differentiated 
from the normal QR complex in Lead aVy by the time interval from onset to 
nadir of the Q wave, the ratio of the amplitude of the Q to that of the R wave, 
and the duration and contour of the ascending limb of the R wave. QR com- 
plexes of 0.5 millivolt or more, with a Q wave measuring 0.03 second or more 
from onset to nadir and a Q/R ratio over 25 per cent were considered diag- 
nostic of posterior infarction. QR complexes that met part, but not all, of the 
foregoing requirements were generally classed as borderline to strongly sug- 
gestive, but were also considered diagnostic, provided that (a) the time in- 
terval from onset to nadir of the Q wave was 0.04 second or more; (b) the Q 
wave was followed by an abnormally prolonged, notched, or coarsely slurred 
upstroke; (c) the tracing was obtained within twenty-four hours of the onset 
of symptoms and showed classical displacement of the RS-T segment; or (d) 
previous tracings were available, showing perfectly normal patterns prior to 
the development of the borderline QR complex. QS deflections of 0.5 milli- 
volt or more, which consumed 0.03 second or more from onset to nadir, were 
considered diagnostic of extensive transmural posterior infarction, provided 
it could be established that the heart was in intermediate to vertical position 
and not in horizontal or semihorizontal position. 

Findings in Lead aVy in Seventy-Five Cases of Posterior Infarction With 
Electrocardiographic Evidence of Intermediate to Vertical Position of the Heart.— 
On the basis of the criteria described, the findings in Lead aVr were classed as 
diagnostic of posterior infarction in forty-two cases, borderline to strongly 
suggestive in seventeen cases, and negative in sixteen cases. The findings in 
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Lead aVr, as classified into the foregoing three categories, were correlated with 
the size and position of the infarct in reference to the long axis of the left ven- 
tricle. Of thirty-one patients with infarction extending two-thirds or more of 
the length of the posterior wall, Lead aVp was negative in only one. The nor- 
mal QRS pattern in this case was probably due to the fact that the lesion was 
posterolateral in position and spared the septal half of the posterior wall. The 
incidence of diagnostic failures in patients with smaller posterior infarcts varied 
with the size and location of the lesion and was lowest when the infarct in- 
volved the middle third of the posterior wall, as shown by the following ob- 
servations. Lead aVr was negative in only one of five patients with infarction 
confined to the middle third of the posterior wall. On the other hand, the 
findings in Lead aVr were negative in eight of fourteen patients with infarction 
confined to the apical third, but in only two of fourteen other patients in whom 
the posteroapical infarct continued into the middle third. Both of these fail- 
ures were explained by the presence of left bundle branch block. The findings 
in Lead aVp were negative in all three patients with infarction confined to the 
basal third of the posterior wall, but in only one of eight patients in whom the 
posterobasal lesion continued into the middle third. The latter failure occurred 
despite the fact that serial tracings were available before and after the develop- 
ment of the infarct. 

A QRS-T pattern that was considered diagnostic of posterior infarction 
was found terminally in Lead aVy of one patient with hemopericardium due 
to dissecting aneurysm. 

Esophageal leads were obtained in five patients and were considered diag- 
nostic of the posterior infarct found at autopsy. 

Recent posterior infarction was generally manifested by reciprocal changes 
in the RS-T segment of precordial leads when the anterior wall was intact, but 
not when the anterior wall was infarcted. 

Standard Leads II and III failed to provide diagnostic evidence of pos- 
terior infarction in cases where Lead aVy was negative. Furthermore, the ap- 
plication of the Pardee criteria to the interpretation of the findings in the stand- 
ard leads led to errors in a number of cases where correct diagnoses could be 
made from the findings in Lead aVr. 
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POSITION OF PRECORDIAL LEADS 


AN ANATOMICAL STUDY 


MARVIN J. ROSENBURG, M.D., AND CLARENCE M. AGrEss, M.D. 
Los ANGELEs, CALIF. 


RIOR to 1938, considerable variation and confusion existed in this country 

and abroad in the placement of precordial leads. In that year a joint com- 
mittee of the American and British Heart Associations suggested the positions 
of the six precordial leads which are now in general use.!. Wilson and associates? 
in experiments on dog hearts laid the groundwork for the present interpretation 
of normal precordial tracings. Direct leads were obtained from various areas 
and compared with tracings from overlying precordial positions. These in turn 
were compared with tracings made on human hearts from similarly placed elec- 
trodes and were found to be of essentially the same character. Although roent- 
genographic techniques have been used, nowhere in the literature have we been 
able to find anatomic correlation based on autopsy material. 

It is generally considered that the dominant patterns obtained in precordial 
Leads 1 through 3 are produced in general by the electrical activity in the right 
ventricle, while Leads 4 through 6 reflect activity of the left ventricle. Ex- 
periments comparing direct epicardial leads in dog hearts with leads obtained 
from supra-adjacent chest areas show close similarity between precordial leads 
from Positions 1 through 3 and those leads in which the electrode is placed directly 
on the right ventricle. Similarly, precordial Leads 4 through 6 and direct left 
ventricular epicardial leads bear a resemblance in shape. This makes justifiable 
the general conclusion that, although subject to other influences, each lead largely 
records the electrical activity of the immediately underlying heart muscle.?“ 
It has been found that leads from the right side of the precordium give complexes 
with small R and deep S waves, while leads from the left side give QRS complexes 
with tall R and small or absent S waves. Between these two opposites, with 
regard to the major deflections of the QRS complexes, lies an intermediate zone 
which yields intermediate complexes. This region has been named the “‘transi- 
tional zone."” Among the several factors known to alter the position of the 
transitional zone are enlargement, displacement, and, perhaps most important, 
rotation of the heart. In some cases, the transitional zone cannot be defined 
by the area covered by the six standard precordial leads. This renders many 
electrocardiographic interpretations more difficult, since many diagnoses are based 
on the contrast between the left and right ventricular patterns.® 

This study was undertaken to determine at autopsy, as accurately as possible, 
the areas of the heart explored by each precordial lead, and to correlate the 
position of the interventricular septum with the transitional zone. Normal and 
hypertrophied hearts were studied, the latter being divided into pure left hyper- 
trophy, pure right hypertrophy, and combined ventricular hypertrophy. 


From the Department of Medicine, Wadsworth General Hospital, Veterans Administration. 

Published with permission of the Chief Medical Director, Department of Medicine and Surgery, 
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by the author. 
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METHOD 


A method of puncturing the chest wall was devised so that steel wires were 
introduced into the heart in areas corresponding to those covered by the standard 
precordial electrodes. For this purpose, a trocar was made with a circular metal 
disk attached perpendicularly to its long axis. Through this hollow guide, a 
second long trocar was threaded and wires were then introduced into the heart. 
Thus, any deviation of the trocars from the perpendicular was avoided. In 
precordial Positions 1 through 4, the needles were inserted perpendicularly to the 
chest wall. Wires were then left at the points of needle puncture until the heart 
was opened. In this way, there could be no doubt as to the portion of the ven- 
tricle immediately subjacent to the exploring precordial electrode. For pre- 
cordial Positions 5 and 6, a slightly different procedure was adopted, for it was 
found that a needle introduced as described went posterior to the heart in a very 
high percentage of cases. This is true because the lateral chest wall is not parallel 
to the lateral border of the heart. Therefore, the trocar was inserted at a slight 
angle so that the nearest muscle mass was entered. It is recognized that de- 
parture from the perpendicular plane might introduce some uncertainty that the 
nearest heart area was always reached. Upon insertion of the trocar, the distance 
from the chest wall to the heart muscle was measured, and several angles of in- 
sertion were made to be sure that the nearest muscle mass was marked. In 
addition, repeated trials under direct vision on subjects with only the sternum 
removed showed that the use of a slight angle introduced only a minor error. 
Repeated punctures showed a variation of 0.5 to 1.0 cm. on the ventricular surface. 
In all cases, this proved to be the lateral or posterolateral wall of the left ven- 
tricle. In several cases of both normal and hypertrophied hearts, the so-called 
“auricular lead position,’ that is, the third intercostal space just to the right of 
the sternum, was entered to determine if this position were truly an anatomic 
projection of the auricle. 


The data so obtained were then transferred to an anatomic drawing of the 
heart which had previously been mimeographed (Fig. 1). This provided a 
graphic projection of the position of the precordial electrodes. Notation was 
made of the bodily habitus of the patient, the position of the diaphragm, and 
the position of the heart, whether vertical, intermediate, or transverse. Twenty- 
six cases were discarded because of confusing factors such as acute dilatation 
of the stomach and marked pneumothorax or hydropneumothorax which markedly 
disturbed the position of the heart after the electrocardiogram was taken. Cases 
of myocardial infarction, bundle branch block, or indefinite chamber hyper- 
trophy were also discarded. The cases selected were clear cut, being either 
normal or with definite ventricular hypertrophy. It was felt unimportant 
to make an etiological distinction. 


Although post-mortem changes in the size and shape of the heart may 
introduce some error of correlation with ante-mortem electrocardiograms, it 
is felt, after repeated observations, that such changes were minimal and did 
not invalidate the major conclusions. The only consistent change observed 
was that the diaphragm after death was slightly higher than during life. 
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As seen in the tables, each precordial lead position was correlated with the 
portion of the heart entered and the exact position of the septum noted. These 
data were then compared with the individual tracings of the corresponding six 
precordial (CF) leads. In those cases where the transitional zone was clearly 
defined by a definite shift in the major deflection, correlation was then made with 
the position of the septum. 


Fig. 1.—Case A-450. Normal heart with Lead CF; falling on the septum. 


RESULTS 


1. Auricular Lead— 


Table I records the anatomic positions of the exploring trocar inserted into 
the heart through the third intercostal space at the right sternal border. It 


5 


is seen that in this special auricular lead recommended by Graybiel and White, 
the exploring electrode was found to be over the upper pole of the right auricle 
in 80 per cent of the subjects. However, when the precordial position of Lead 
CF, was used, the trocar was found to enter the auricle in al] cases. Anatomically 
it least, this position is well placed to serve as an auricular lead (Fig. 1). 
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THE ANATOMIC POSITIONS OF THE “AURICULAR LEAD 
Positions” COMPARED WITH CF, 


| | 
TYPE OF | “AURICULAR TYPE OF | “AURICULAR 
CASE HEART LEAD” CF; | CASE | HEART | LEAD” CF; 
| 
R.A. R.A. | 221 | L.V.H. | R.A. R.A. 
R.A. RA. | 273 | LH. R.A. 
R.A, R.A. 307 L.V.H. R.A. R.A. 
265 | Normal R.A. R.A, 254 | L.V.H. | R.A. R.A. 
272 R.V.H. S.R.A. R.A. 232 | C.V.H. |= S.R.A. R.A. 
226 R.V.H. | R.A. R.A. 300 C.V.H. R.A. R.A. 
225 | RVH. | SRA. RA. 271 R.A. R.A. 
303 R.V.H. | R.A. | RA, 255 C.V.H. R.A. R.A. 
| | | 266 | C.V.H. R.A. R.A. 
R.V.H., Right ventricular hypertrophy. S.R.A., Superior to right auricle. 
L.V.H., Left ventricular hypertrophy. C.V.H., Combined ventricular hypertrophy. 
R.A., Right auricle. 


2. Normal Hearts.—In nine cases (Table II), the position of the septum 
fell in the area between the precordial Positions 2 to 4 (Figs. 1 and 2). The 
average position was subjacent to precordial Position 3. The position of the 
heart had no constant effect on the position of the septum, although in most of 
the cases the hearts were intermediate in position. The transitional zone of the 
electrocardiogram was present between precordial leads made at Positions 3 
and 4 to 5 with the average transitional zone being present in leads made between 
Positions 3 and 4. In all cases, therefore, there was at the most one lead space 
variation between the transitional zone of the electrocardiogram and the anatomic 
position of the septum. 


TABLE II. NorMAL HearTS. THE ANATOMIC POSITION OF THE RIGHT ATRIUM, THE VENTRICLES, AND THE SEPTUM 
IN RELATION TO THE ELECTROCARDIOGRAPHIC PRECORDIAL POSITION 


| THICKNESS OF | | TZONE | SEPTUM 
| VENTRICLES PRECORDIAL POSITIONS (ELECTRO- | (ELECTRO- 
(CM.) | CARDIO- | CARDIO- 
CASE | (GRAMS) | | | POSI- PRE- PRE- 
| TION | CORDIAL | CORDIAL 
RV. | LV 1 2 | 3 4 | 5 6 POSI- POSI- 
| TIONS) TIONS) 
| 250 | 03 | 1.0 | Ra. | RV. | RV. | LY. uv. | Ly. | ai 45 | 34 
199 320 0.3) 1.3 R.A, | R.V. R.V. | L.V. | L.V. | L.V. | Vertical | 3 3-4 
175 | 270 | 03 | 1.0 |RA/RV.|S | Md | 3 3 
291 300 12 RAT RIS L.V. | L.V. | L.V. | Mid 3 3 
241 300 0.3 | 1.3 | RA.| RV. L.V. L.V. | LV. | L.V. Mid | 3 2-3 
139 310 0.3 | 1.4 | RA.} R.V. R.V. | L.V. | L.V. | L.V. | Mid 4-5 3-4 
205 310 05 | 13 |RA RV) S| LV. | LV. | LV. | Mid | 3 3 
450 | 300 0.3 | 1/2 | RA.| RV.}S. | LV.) LV.) Mid | 3 3-4 
498 | 320 04 | O8 | RV.) RY. | LV. | Lv. | LV. | Mid 3-4 
| | | | 
R.V., Right ventricle. R.A., Right auricle. 
L.V., Left ventricle. S., Septum. 


T Zone, Transitional zone. 


3. Hearts With Left Ventricular Hypertrophy.—lIn thirteen cases (Table III), 
the position of the anatomic septum varied between precordial Positions 2 and 4, 
with the average falling between Positions 3 and 4 (Figs. 2,c and 3). Again no 
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consistent relation was noted between the heart position and the location of the 
septum. The transitional zone of the electrocardiogram extended from pre- 
cordial Lead 3 to Lead 4. The correlation with the anatomic transitional zone 
is thus seen to be one lead space. 


Fig. 2.—Sagittal section of a heart showing the anatomic relationship of the heart septum, chambers, 
ventricular walls, and thoracic structures. 

a, Sagittal section of a normal heart showing oblique position of the septum with respect to the 
anterior chest wall. It is postulated that this relationship holds true for hearts with right ventricular 
hypertrophy without rotation (Case A-231); and for hearts with combined ventricular hypertrophy 
without preponderance of either ventricle (Case A-132). 

b, Case A-272. Sagittal section through a heart with marked right ventricular hypertrophy show- 
ing rotation of ventricles so that the right lies anteriorly and the left moves posteriorly. This brings 
the septum into a plane nearly parallel to the anterior chest wall. 

c, Case A-496. This heart had considerable left ventricular hypertrophy and a resultant shift of 
the septum into a plane nearly perpendicular to the anterior chest wall. 
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Fig. 3.—Case A-496. Heart with left ventricular hypertrophy. The septum falls between Leads 
CF; and CF,. The transitional zone of the electrocardiogram is very sharp. Other cases showed the 
septum subjacent to Lead CF,y. Hypertrophy of the left ventricle is mainly to the left and posterior. 


TABLE IIT. Hearts Wits Lert VENTRICULAR HyPERTROPHY. THE ANATOMIC POSITION OF THE RIGHT ATRIUM, THE 
VENTRICLES, AND THE SEPTUM IN RELATION TO THE ELECTROCARDIOGRAPHIC PRECORDIAL POSITION 


THICKNESS OF T ZONE SEPTUM 
VENTRICLES PRECORDIAL POSITIONS (ELECTRO- | (ELECTRO- 
(cM.) CARDIO- | CARDIO- 
WEIGHT| HEART GRAPHIC | GRAPHIC 
CASE | (GRAMS) | POSI- PRE- PRE- 
TION CORDIAL | CORDIAL 
R.V L.V 1 2 3 4 5 6 POSI- POSI- 
TIONS) TIONS) 
182 480 0.2 1.8 | RA. R.V. | S. L.V. | L.V. | L.V. | Mid 3 3 
307 450 0.3 2.0 R.A. | R.V. | R.V. | L.V. | L.V. | L.V. | Transverse 3 3-4 
329 650 0.3 1.6 | R.V.| R.V.| | LV. | LV. | LV. | Mid 3 3-4 
427 450 0.3 1.4 | R.A.| R.V.| R.V. | LV. | LV. | LV. | Mid 4 3-4 
273 380 0.3 1.5 R.A. | R.V. | R.V. | L.V. | LV. | LV. | Vertical 3 3-4 
221 480 0.4 1.9 R.A. | R.V. | L.V. | L.V. | L.V. | L.V. | Transverse 3 2-3 
471 500 0.4 1.4 | R.A.| R.V.| R.V. | LV. | LV. | LV. | Mid 4 3-4 
390 380 0.3 1.5 R.A. | R.V. | R.V. | S. L.V. | L.V. | Mid 3 4 
439 440 0.4 1.4 R.A. | R.V. | R.V. | S. L.V. | L.V. | Transverse 3 4 
132 500 0.4 2.0 R.A. | R.V. | RV. | LV. | LV. | LV. | Transverse 3-4 3-4 
187 640 0.4 2.06 | R.A.| R.V.| LV. | LV. | LV. | LV. | Mid 3 2-3 
321 360 0.2 1.5 R.A. | R.V. | S. L.V. | L.V. | L.V. | Mid 4 3 
254 500 0.3 1.5 | R.A.| R.V.| R.V. | LV. | LV. | LV. | Mid None 3-4 


R.V., Right ventricle. R.A., Right auricle. 
L.V., Left ventricle. S., Septum. 
T Zone, Transitional zone. 
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4. Hearts With Right Ventricular Hypertrophy.—In nine cases (Table 1V) 
the anatomic septum ranged from precordial Position 2 to 3 to Position 4 to 5. 
In the average cases the septum fell beneath Position 3 (Figs. 2,a and b, 4, and 5). 
The position of the heart was most often vertical, but this was not true in three 
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Fig. 4.—Case A-272. Heart with right ventricular hypertrophy. The heart lies in the vertical 
plane and has rotated counterclockwise as viewed from the base. The right ventricle is anterior, the 
left is posterior. No transitional zone is seen in the standard precordial electrocardiogram. 


cases. The location of the transitional zone was not always revealed by the 
customary six precordial leads, but when it was present, it fell between precordial 
Leads 3 and 4 to 5. In three cases studied which displayed a transitional zone 
in the electrocardiogram, the correlation with the anatomic septum was absolute. 
In six cases, however, no transitional zone was seen. 
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Fig. 5.—Case A-231. 


tion but has not rotated to the same degree as the heart shown in Fig. 4. 


Heart with right ventricular hypertrophy. The heart is vertical in posi- 


evidence of right ventricular hypertrophy. 


Electrocardiogram shows 


TasLe IV. Hearts Wire RicHT VENTRICULAR HyPERTROPHY. THE ANATOMIC POSITION OF THE RIGHT ATRIUM, 


THE VENTRIC 


LES, AND THE SEPTUM IN RELATION TO THE ELECTROCARDIOGRAPHIC PRECORDIAL POSITION 


WEIGHT 
(GRAMS) 


THICKNESS OF 
VENTRICLES 
(cM.) 


PRECORDIAL POSITIONS 


| 


550 


| 
425 | 
| 


T ZONE 
(ELECTRO- 
CARDIO- 
GRAPHIC 
PRE- 
CORDIAL 
POSI- 
TIONS) 


( 


SEPTUM 
ELECTRO- 
CARDIO- 
GRAPHIC 
PRE- 
CORDIAL 
POsI- 
TIONS) 


| 
| 


PPS 


<< 


313131313131 31> 
3131313139131 3131 > 


Vertical 
Vertical 
Mid 
Vertical 
Mid 
Vertical 
Vertical 
Vertical 
Mid 


None 
4-5 
None 
None 
None 
None 
None 
3 
4 


2-3 
4-5 
2-3 
3 

2-3 
4 

2-3 


4 


R.V., Right ventricle. 
L.V., Left ventricle. 
T Zone, Transitional] zone. 


R.A., Right auricle. 
S., Septum. 
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Fig. 6.—Case A-132. Heart with combined ventricular hypertrophy. In this case 
the septum falls between Leads CF; and CF,. 


TABLE V. HEARTS With COMBINED VENTRICULAR HYPERTROPHY. THE ANATOMIC POSITION OF THE RIGHT ATRIUM 
THE VENTRICLES, AND THE SEPTUM IN RELATION TO THE ELECTROCARDIOGRAPHIC PRECORDIAL POSITION 


THICKNESS OF | | TZONE | SEPTUM 
VENTRICLES | PRECORDIAL POSITIONS (ELECTRO- | (ELECTRO- 
(CM.) | CARDIO- | CARDIO- 
| WEIGHT | HEART GRAPHIC | GRAPHIC 
CASE | | | POSI- PRE- PRE- 
| TION CORDIAL | CORDIAL 
| ORV. Lv. | 1 2 POSI- POSI- 
| | | | TIONS) TIONS) 
297 560 0.5 2.0 R.A. | R.V. | R.V. | R.V. | L.V. | LV. | Mid 4 4-5 
396 440 0.5 1.2 R.A. | R.V. | L.V. V. | L.V. | L.V. | Mid 3 2-3 
379 490 0.5 1.5 R.A. | R.V. | R.V. | L.V. | L.V. | L.V. | Transverse 3 3-4 
300 540 0.6 1.5 R.A. | R.V. | R.V. | R.V. | L.V. | L.V. | Transverse 4-5 4-5 
322 400 0.5 1.4 | R.A.| R.V.| RV.) LV. | LV. | LV. | Mid 3 3-4 
232 470 0.5 1.4 | R.A.| R.V.| S. L.V. | L.V. | L.V. | Mid 3-4 3 
283 680 0.5 $1 (BAL BYES L.V. | L.V. | L.V. | Transverse} 3 3 
160 400 0.5 1.5 R.A. | R.V. | R.V. | S. L.V. | L.V. Transverse} None 4 
449 500 0.5 1.3 | RA.| R.V.| LV. | LV. | LV. | LV. | Mid 3 2-3 
483 500 0.5 1.3 R.A. | R.V. | R.V. | LV. | LV. | LV. | Vertical 3-4 3-4 
266 600 0.6 1.8 | R.A. | R.V. | S. L.V. | L.V. | L.V. | Mid 4 3 
255 350 0.5 1.4 | RA.| R.V.|S. L.V. | L.V. | L.V. | Mid 3 3 
271 680 0.8 2.0 | RA.| RV.) LV. | LV. | LV. | LV. — 4 2-3 
R.V., Right ventricle. S., Septum. 
L.V., Left ventricle. T Zone, Transitional zone. 


R.A., Right auricle. 
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5. Hearts With Combined Ventricular Hypertrophy.—In thirteen cases 
(Table V) the anatomic range of the septum fell between Position 2 or 3 and 
Position 4 or 5 (Fig. 6). The average fell between precordial Positions 3 and 4. 
Again there was no correlation of the position of the heart with that of the septum. 
The transitional zone of the electrocardiogram ranged from precordial Lead 3 
to Lead 4 to 5. The average fell between Leads 3 and 4. The correlation with 
the anatomic position was found to be very good. In only two cases did a con- 
siderable discrepancy exist. The correlation depended upon which ventricle 
was in preponderance, the left or the right, and upon which direction the septum 
rotated, vertically or transversely. 


DISCUSSION 


In brief, it may be seen that the six standard precordial lead positions in 
general use have been well selected in that the heart is explored from the right 
auricle to the left lateral ventricle. Although the auricular lead proposed by 
Graybiel and White’ is less influenced by ventricular activity than a precordial 
lead taken at Position 1, the latter will consistently overlie the right auricle. 

The position of the septum cannot be assumed, even though the type of 
hypertrophy (right, left, or combined) is known, because of the existence of other 
factors, such as rotation, which may offset these influences. However, in general, 
the anatomic septum shifts slightly to the left in left hypertrophy (Fig. 3) and 
slightly to the right in right hypertrophy (Figs. 4 and 5). With combined hyper- 
trophy the position is unpredictable, depending upon the dominant ventricle. 
This shift in cases with left ventricular hypertrophy is mirrored within one lead 
space by the transitional zone of the electrocardiogram. Unfortunately, the 
shift is not sufficiently marked to predict with any accuracy the type of hyper- 
trophy present, but is in the same direction as the predominating ventricular 
pattern. 

It is of interest to note that in normal hearts the septum lies at an oblique 
angle to the anterior chest wall (Fig. 2,a), whereas in marked left hypertrophy, 
it assumes an almost perpendicular position (Fig. 2,c). In marked right hyper- 
trophy, it is generally conceded that the heart lies in a more central position and 
is rotated counterclockwise on its long axis as viewed from the base of the heart. 
When this occurs, the left ventricle lies almost completely posteriorly and the 
septum comes to lie in a plane nearly parallel with the anterior chest wall (Fig. 2,0.) 
This explains the anatomic location of precordial Leads 3 through 6 in the narrow 
portion of the left ventricle presenting on the anterior surface (Fig. 4). Thus, 
it is believed that the presence or absence of a transitional zone is determined 
by the relative positions of the ventricles, or more simply, by the plane of the 
septum. In left hypertrophy the transitional zone is sharply demarcated and 
here the septum lies perpendicular to the precordium. In right hypertrophy, 
where the septum lies parallel to the anterior chest wall, the transitional zone 
is absent in the six standard precordial positions (Fig. 4). It is believed that the 
anatomic position of the septum explains those cases in which no transitional 
zone is seen in the standard precordial electrocardiogram. The degree and type 
of rotation of the heart influence the position of the septum more than actual 
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hypertrophy of the right ventricular wall. The frequent occurrence in right 
ventricular hypertrophy of vertical hearts, which have rotated counterclockwise 


as viewed from the base, will explain why transitional zones are so much more 
frequently absent in electrocardiograms taken in cases of cor pulmonale than in 
other pathologic conditions. This conforms to the present theories concerning 
the mean electrical axis where an upright deflection is produced as the wave 
of electrical activity approaches the anterior chest wall, and adownward deflection 
is produced when the wave of electrical activity proceeds away from the anterior 


chest wall. 


SUMMARY 


1. Correlation of the electrical pattern of the precordial electrocardiogram 
with the anatomic projections of the corresponding precordial electrodes was 
performed. This was done in forty-four autopsied subjects by the insertion of 
wires into the ventricular myocardium at each of the six precordial positions of the 
electrocardiogram. A comparison of the anatomic position of the septum 
with the electrical position of the transitional zone was then made, and some con- 
clusions drawn regarding the meaning of the transitional zone. 

2. The standard six precordial leads are well selected in that they span the 
anterior surface of the heart from precordial Position 1, which overlies the right 
auricle, to Position 6, which overlies the anterolateral portion of the left ventricle. 

3. The anatomic position of the septum is well correlated with the position 
of the electrical transitional zone in normal hearts and in those with predominant 
left ventricular hypertrophy. 

4. The shift in the position of the septum and, therefore, of the transitional 
zone is not of sufficient magnitude to identify specific ventricular hypertrophy. 

5. Left ventricular hypertrophy produces a sharp transitional zone. 
This is believed to be due to the plane of the septum being perpendicular to 
the anterior chest wall. 

6. Right ventricular hypertrophy often shows no transitional zone in the 
span of the standard six precordial electrodes. This is believed to be due to the 
transverse plane of the septum, produced by the fact that the anterior position 
of the right ventricle and the posterior position of the left ventricle cause the plane 
of the septum to be parallel to the anterior chest wall. 


The authors are greatly indebted to Dr. Myron Prinzmetal for many ideas and suggestions 
in the pursuit of this investigation. 
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Clinical Reports 


PRIMARY AMYLOIDOSIS OF THE HEART 


BERNARD HuLBERT, M.D., AND HERMAN M. Meyer, M.D. 
St. Louts, Mo. 


RIMARY amyloidosis is a relatively rare condition of unknown etiology, 
characterized by deposits of an irregularly staining protein substance, usually 
in mesodermal organs, and by the absence of any preceding chronic suppurative 
or debilitating disease. Forty cases of primary amyloid disease have been com- 
pletely reviewed up to 1945 by Koletsky and Stecher' and Lindsay and Knorp.? 
Since then seventeen additional cases*-" have been reported, making a total of 
fifty-seven cases. 

Post-mortem examinations have revealed that in 85 per cent'! to 95 per cent! 
of the cases of primary amyloid disease there are deposits of amyloid in the heart. 
The occurrence of cardiac failure, however, has not been sufficiently emphasized. 
Over 50 per cent" of the patients initially show or ultimately develop the clinical 
picture of heart failure. The case to be reported is one in which there was 
a clinical picture of congestive heart failure of unknown etiology. 


CASE REPORT 


The patient, a 53-year-old-white man, was first seen on Aug. 13, 1945. His chief complaint 
was shortness of breath of one year’s duration. In November, 1944, and in March, 1945, he had 
had several attacks of nausea, vomiting, weakness, and faintness. No pain was associated with 
these attacks. He noted progressive dyspnea, ankle edema, sweiling of his abdomen, and occa- 
sional nocturia. In July, 1945, an abdominal paracentesis and two thoracenteses were done. 

The past history disclosed that the patient had had a hemorrhoidectomy in 1938, and that 
since an attack of bronchopneumonia in 1925 he had tended to have frequent upper respiratory 
infections. There was no history of rheumatic fever, syphilis, or hypertension. 

Physical examination revealed a small, well-developed and well-nourished man, who was 
moderately dyspneic. There was no adenopathy and no thyroid enlargement. The pupils were 
round and equal and reacted promptly to light and accommodation. Extraocular movements 
were normal. His mouth was edentulous; his tongue and throat showed no abnormality. The 

- veins in his neck were distended. Chest examination revealed dullness, with absence of breath 
sounds and tactile fremitus over the right lung posteriorly up to the level of the inferior angle 
of the scapula. The left lung was resonant, with no abnormal findings. The heart was slightly 
enlarged to the left to percussion, with a soft systolic apical murmur that was not transmitted. 
Tones were of fair quality, eighty per minute, with an occasional extrasystole. Blood pressure 
was 155/85. The liver edge was palpable four fingerbreadths below the costal margin and was 
firm, smooth, and not tender. The spleen was not palpable. The abdomen was slightly distended, 


and shifting dullness was present. There was slight pitting edema of the ankles. The peripheral 
vessels were soft. 


From the Laboratory and the Department of Medicine of The Jewish Hospital of St. Louis. 
Aided by the Louis M. Monheimer Memorial Fund. 
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On Aug. 14, 1945, the patient was admitted to the hospital and 1,500 c.c. of straw-colored 
fluid were removed from the right pleural cavity. The fluid on examination had a specific gravity 
of 1.009 and showed no malignant cells. The sediment consisted of polymorphonuclear leucocytes 
and lympocytes. 

The urine disclosed a trace of albumin and a 4 plus urobilinogen. While the patient was in 
the hospital the white count varied from 6,850 to 9,150, with 3 per cent eosinophiles, 3 per cent 
stab forms, 69 per cent segmented forms, 21 per cent lymphocytes, and 4 per cent monocytes. 
Hemoglobin was 93 per cent, with 4,840,000 red blood corpuscles. Prothrombin time was 75 
per cent (Smith’s Bedside Technique). Hematocrit was 50 per cent. Sedimentation rate was 
4.0 mm. in one hour (Westergren). Fasting blood sugar was 90 mg. per cent, diastase 112, 
nonprotein nitrogen 19 to 21 mg. per cent. Icterus index was 10 and total proteins 6.3 grams, 
with albumin 5.0 grams and globulin 1.3 grams. 


Fe eo" aon See eer 
ver 


Fig. 1.—Electrocardiogram, Aug. 15, 1945. 


The electrocardiogram taken on Aug. 15, 1945 (Fig. 1), showed the rhythm to be generally 
regular, interrupted by one premature nodal beat. The heart rate was 79 beats per minute. 
There was marked left axis deviation. The P-R interval measured 0.14 second. P waves were 
upright in the three conventional leads. QRS complexes were of normal duration and slurred in 
Lead I. T, was inverted; T2 and T; were upright. In Lead IVF the Q waves were minute and 
absent, upright waves were dominant, and the T waves were inverted. The patient was receiving 
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two cat units of digitalis daily at this time. The clectrocardiogram taken two weeks later showed 
less inverted T waves in Leads I and IVF. The P-R interval was 0.18 second. 

The chest film showed a pleural effusion at the right base and the heart moderately enlarged 
to the left and right. Venous pressure on Aug. 16, 1945, was 24.5 cm. H,0O in the left antecubital 
vein. Arm-to-tongue time (Decholin) was thirty seconds; arm-to-lung (ether), eighteen seconds. 
The patient was digitalized, put on a low-salt diet, received ammonium chloride, and was given 
repeated injections of Mercupurin intravenously. 

He required numerous thoracenteses, with from 1,100 to 2,000 c.c. of fluid being obtained at 
each tap. On Oct. 8, 1945, 1,100 c.c. were obtained from the right pleural cavity. The patient 
unexpectedly expired during the following night. 


"ta 


Fig. 2.—Section of heart showing masses of amyloid scattered through myocardium. 


Autopsy.—There were 3,000 c.c. of straw-colored fluid in the peritoneal cavity, 400 c.c, in 
the right pleural cavity, and 50 c.c. in the pericardial cavity. The peritoneal, pleural, and peri- 
cardial surfaces were smooth and glistening. 

The heart weighed 350 grams. The left and right ventricular walls were thick and the 
trabeculae were prominent. The mitral and aortic valves were thickened but intact. The 
coronary vessels were patent throughout and the foramen ovale was closed. The cardiac muscle 
showed a diffuse, yellow-grey mottling throughout and was of firm consistency. The lungs were 
crepitant throughout. In the left upper lobe was a well-encapsulated, hard, calcific nodule, 
about 0.5 cm. in diameter. 
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The spleen was of usual shape and size, and dark blue in color. The cut surface showed 
nothing remarkable. The gastrointestinal tract showed an intact mucosa and the walls were of 
unusual thickness. The liver was enlarged one and one-half times. On the cut surface the 
iobular picture was distinct, as a result of the presence of small, yellow foci in the center of the 
lobules. The renal capsules stripped with ease and the surfaces were smooth. The ratio of cortex 
to medulla was normal. The renal pelves were pale and smooth. The pancreas, biliary tract, 
adrenals, urinary bladder, and prostate showed nothing unusual. ‘The cranial cavity was not 


examined. 


Fig. 3.—Section of pancreas showing masses of amyloid deposited adjacent to vessels. 


The organs when treated with iodine, followed by sulfuric acid, showed nothing unusual. 

Microscopic Examination.—Sections were made and stained with hematoxylin-eosin, crystal 
violet, Congo red, and iodine. Homogeneous, structureless material, hereafter designated as 
amyloid, stained violet with crystal violet, but did not stain abnormally with the other dyes. 
Sections were also stained with Sudan IV. 

Sections of the heart (Fig. 2) showed severe distortion of the usual pattern. Many muscle 
fibers had become atrophic or had disappeared. ‘The interstitial tissue was greatly increased in 
amount and the vessels running through it were prominent. The wall of every individual vessel 
was thickened, as a result of the presence of large amounts of bluish-pink, structureless material 
(amyloid), which was also found in the immediate vicinity of the vessels and scattered throughout 
the myocardium. There was no inflammatory reaction in these vessels. The muscle fibers 
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showed linear droplets of fat adjacent to the nuclei. Small foci of amyloid were deposited in all 


of the valves. 

Sections of the lungs showed marked dilatation of the vessels, particularly under the pleura. 
The parenchyma was not remarkable. In the alveoli there was an occasional macrophage con- 
taining brown pigment. The walls of the vessels showed, here and there, thickening and deposits 
of amyloid. Section of the spleen showed the malpighian bodies to be small, widely spread, and 
inactive. The sinusoids were distended with blood and their walls were delicate. Section of the 
liver showed dilated sinusoids, with the liver cords correspondingly narrowed, particularly 
around the central veins. There was a slight increase in the interstitial connective tissue and low- 
grade periportal infiltration by mononuclear leucocytes. A few of the larger vessels showed amy- 
loid deposits in their walls. The liver cells surrounding the central veins had deposits of fat drop- 
lets. Section of the pancreas (Fig. 3) showed the acinar pattern preserved. The islets of Langer- 
hans were scant. The pancreatic arteries showed large deposits of amyloid in their walls and 
occasionally in the adjacent parenchyma. 

Section of the kidney showed the normal pattern preserved. The glomerular tufts and small 
vessels were distended with blood. The spaces of Bowman contained protein material, which was 
usually not very solid but which approached the consistency of amyloid in a few instances. The 
tubular epithelia were not very well preserved, showing granulation of the cytoplasm, but the 
basement membrane appeared of usual thickness. The lumina contained a hyaline cylinder here 
and there. A few scattered medium-sized vessels showed bluish-pink amyloid deposits in their 
walls and around one of these deposits two multinucleated giant cells were found. 

The anatomical diagnoses were: primary amyloidosis of the myocardium, valves, and large 
vessels; hypertrophy of left and right cardiac ventricles; arteriosclerosis, slight; pleural effusion, 
right, 400 c.c.; chronic passive congestion of liver; congestion of spleen; and ascites, 3,000 cubic 


centimeters. 
COMMENT 

The patient presented the picture of progressive cardiac failure that did not 
respond to rest, digitalis, diet, and diuretics. The cause of the heart failure was 
not determined until post-mortem examination, when amyloid was found de- 
posited throughout the myocardium and in all the valves of the heart. Since no 
associated disease was found, and the amyloid was confined to the cardiovascular 
system, this case is considered to be one of primary amyloidosis. 

Amyloid disease is divided into four groups': (1) Secondary amyloidosis, 
(2) primary amyloidosis, (3) amyloid associated with multiple myeloma, and 
(4) tumor-forming amyloidosis. In secondary amyloidosis the deposits are 
usually present in the parenchymatous organs of the abdominal cavity, though 
other organs and tissues may also be affected. It is associated with prolonged 
suppuration or ulceration, such as tuberculosis, osteomyelitis, or syphilis. 

Primary or atypical amyloidosis has the following characteristics: 

1. Absence of preceding etiological factors such as tuberculosis or chronic 
suppuration. 

2. Minimal involvement of organs usually affected in the secondary form, 
such as spleen, liver, and kidneys. Exceptions to this distribution have been 
reported.-" 

3. Maximal involvement of the cardiovascular system, gastrointestinal 
tract, smooth and striated muscle, and lymph nodes. 

4. Atypical reactions of amyloid to the usual amyloid stains. 

5. Tendency to nodular deposits. 

From 6 per cent!’ to 10 per cent!® of the cases of multiple myeloma are com- 
plicated by amyloidosis. The tumor form is quite rare, and in those cases the 
amyloid is deposited in the subcutaneous tissue and mucous membrane to form 
tumor masses. 
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The possibility of an ante-mortem diagnosis of primary cardiac amyloidosis 
is quite remote, because of the rarity of the condition and the lack of specific diag- 
nostic aids. The disease could be clinically suspected in a person over 40 years 
of age who shows congestive heart failure, a normal or low blood pressure, and 
cardiac hypertrophy without apparent cause. In those cases in which electro- 
cardiograms have been taken, low voltage and ‘‘myocardial damage’’ have been 
the common findings. Left axis deviation has occurred more commonly than 
right. Delayed A-V conduction,” auricular fibrillation,?” and premature con- 
tractions®® have been reported. 

Eisen" found in an analysis of the available laboratory data that a moderate 
hypochromic anemia and a moderately elevated sedimentation rate were con- 
sistent findings. In those cases reviewed by Eisen in which total proteins were 
obtained, the serum globulin was normal. Reversal of the albumen-globulin 
ratio in primary amyloidosis has since been reported in the cases of Ranstrém,° 
Lindsay,® and Iverson and Morrison.’ 

If a superficial structure such as the tongue, skin, or vagina is involved, a 
clinical impression of amyloidosis can be confirmed by biopsy. The Congo red 
test in primary amyloidosis is frequently negative. The dyspnea in amyloidosis 
may be difficult to evaluate. It may be caused by involvement of the heart, 
trachea, lungs, or mediastinum, or by the secondary anemia which is occasionally 
present. 

SUMMARY 

A case of primary amyloidosis of the myocardium, valves, and large vessels 
is presented. The patient showed progressive cardiac failure, which did not 
respond to treatment and ultimately led to death. 
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PENICILLIN THERAPY OF GONOCOCCIC ENDOCARDITIS 


A REPORT 


V. J. Dorset, M.D., CHARLEs G. SPICKNALL, M.D., AND LUTHER L. TERRY, M.D. 
WITH THE TECHNICAL ASSISTANCE OF KATHRYN DEAN, M.T. 


BALTIMORE, Mb. 


ACTERIAL endocarditis due to the gonococcus was generally recognized as 
being a highly fatal disease before the advent of antibiotic therapy. There 
have been few reports in medical literature concerning the use of penicillin in 
the treatment of this condition. Cecil! stated that the Committee on Chemo- 
therapeutics and other agents of the Division of Medical Sciences of the National 
Research Council received reports of three patients with gonococcic endocarditis 
who were treated with penicillin. Two of these recovered, but no case abstracts 
were reported. Myers? recently reported a case of gonococcic endocarditis of the 
pulmonary valve with apparent cure eighteen months after penicillin therapy. 
However, bacteriologic evidence of gonococcic etiology in the latter case con- 
sisted only of recovery of gram-negative diplococci from empyema fluid and from 
vaginal secretions. 
The following case of bacterial endocarditis was proved bacteriologically 
to be due to a gonococcus which was repeatedly isolated from blood cultures 
before the administration of penicillin. 


CASE REPORT 


A white merchant seaman, 20 years of age, was admitted to the hospital on May 19, 1947, 
complaining of headache and fever. 

The patient stated that about seven days before admission, while at sea, he had developed 
general malaise, fever, and chills. The day after onset he had had a severe shaking chill followed 
by a high fever. This was associated with pain and swelling of his right ankle, which lasted for 
two days and then subsided. However, the fever continued, accompanied by heavy sweats, loss 
of appetite, and headache. The chief mate aboard ship prescribed aspirin and three to four tablets 
of a sulfonamide drug each day. The symptoms persisted and became increasingly severe. The 
patient was admitted to this hospital shortly after the arrival of his ship in Baltimore. 

A review of the patient's past history revealed that he had had joint aches and pains ai the 
age of 10 years. He stayed in bed for two weeks and recovered without apparent complications 
or subsequent recurrence. The patient contracted gonorrhea in March, 1946. He took tablets 
of one of the sulfonamides for two days, without relief, and then was hospitalized in Santos, 
Brazil, where he was given seven injections of penicillin. The urethral discharge promptly cleared 
and the patient had no recurrence. His last sexual intercourse prior to admission occurred in 
April, 1947. There was no history of urethral discharge or dysuria since his gonorrheal urethritis 
of March, 1946. 

Physical examination revealed a well-developed, rather thin young man who was perspiring 
profusely and who appeared to be acutely ill. His temperature was 102.5° F., his pulse 92, his 
respiratory rate 20, and his blood pressure 110/58. Examination of the head and neck revealed 
nothing significant. Ophthalmoscopic examination showed normal eye grounds. The lungs were 
clear and resonant. The heart size and rhythm were within normal limits. A systolic thrill was 
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palpated to the apex. A loud, harsh apical systolic murmur was heard, which was transmitted 
to the left axilla. The abdomen was soft and pliable. The liver was not enlarged. The spleen 
was readily palpated and slightly tender. The genitals were normal to inspection and palpation. 
Rectal digital examination was not done. The terminal phalanges of the fingers and toes showed 
detinite clubbing. Neither lymphadenopathy nor petechiae were noted. 

Laboratory Data.—Serologic tests for syphilis were negative. Agglutinations for typhoid 
“O” and “H,” paratyphoid “A” and “B,”’ B. abortus, and Proteus OX 19 were not significant. 
Four blood smears for malaria were negative. Urinalysis on admission showed a specific gravity 
of 1.016, sugar and albumin were negative, and microscopic examination showed one pus cast. 
The hemoglobin was 12 grams, the red blood count 3,150,000, and the white blood count 25,050, 
with 85 per cent neutrophiles (21 stab forms) and 15 per cent lymphocytes. 

On June 9, hemoglobin was 10 grams, red blood count 2,590,000, and white blood count 
17,250, with 82 per cent neutrophiles (16 stab forms) and 18 per cent lymphocytes. Urinalysis 
was normal except for microscopic findings of 10 to 15 red blood cells per high-power field. On 
June 18, hemoglobin was 12 grams, red blood count 3,320,000, white blood count 13,200, with 
73 per cent neutrophiles (13 stab forms) and 27 per cent lymphoyctes. Urinalysis showed albumin, 
10 mg. per cent, and 30 to 40 red blood cells per high-power field. On July 5, urinalysis showed 
albumin, 5 mg. per cent. Microscopic examination revealed 4 to 6 hyalin and finely granular 
casts per low-power field and 6 to 8 red blood cells per high-power field. On July 14, prostatic 
smear and culture showed no gonococci. On July 22, hemoglobin was 14.5 grams, white blood 
cell count 10,800 with a normal differential count, and the erythrocyte sedimentation rate was 
14 mm. in one hour. 

Eight blood cultures before specific therapy showed growths of gram-negative diplococci 
which grew in tryptose phosphate broth but did not grow in thioglycollate broth, after incubation 
for forty-eight hours. The organism grew on subculture to blood agar, “‘chocolate’’ agar, and 
phenol red agar with 20 per cent ascitic fluid. It was oxidase positive. No growth was noted 
on unenriched phenol red agar. These cultures were incubated in an atmosphere of carbon 
dioxide (candle jar method). At room temperature no growth occurred on enriched or unenriched 
media. The organism was agglutinated by the specific chicken antiserum of Phair.’ It fermented 
dextrose-producing acid and no gas, but split neither maltose nor sucrose. Bacteriologic evidence 
showed that this organism was Neisseria gonorrhoeae. This identification was confirmed by 
Dr. J. F. Mahoney, Director, United States Public Health Service Venereal Disease Research 
Laboratory, Stapleton, N. Y. 

X-ray examination of the chest showed slight prominence of the lung root shadows. No recent 
infiltration was identified. The heart shadow was within the upper limits of normal size and 
showed evidence of some thickening of the left ventricle. The ascending section of the aorta was 
a little prominent. An intravenous pyelogram showed some enlargement of the right renal pelvis, 
which was about 2.0 by 3.0 cm. in size. There was a suggestion of an aberrant vessel at the right 
ureteropelvic junction. The kidneys were normal in position. 

Twenty-three blood cultures obtained after specific therapy was begun showed no growth. 
Two gonococcus complement fixation tests on blood serum made on May 29 and June 3 were 
positive (1 plus). Two electrocardiograms were normal. The strain of N. gonorrhoeae which was 
isolated from blood cultures was completely inhibited in vitro by 0.125 unit per cubic centimeter of 
penicillin. The organism was somewhat resistant to sodium sulfadiazine and required a concen- 
tration of 40 mg. per cent to prevent growth. 

Hospital Course-—The chart summarizes the patient’s temperatures, blood cultures, and 
penicillin and sulfadiazine therapy from May 19 to July 24, 1947 (Fig. 1). 

When admitted on May 19, the patient was acutely ill with high fever. Examination dis- 
closed an enlarged, tender spleen, a systolic thrill and a murmur at the apex, and clubbing of the 
terminal phalanges of the fingers and toes. On May 22 he complained of sudden numbness of his 
right foot. The right dorsalis pedis and posterior tibial arteries were not palpable. Slight tender- 
ness was noted in the right popliteal space. On May 24, the patient developed nausea, vomiting, 
and pain in the left upper abdominal quadrant. The spleen was larger and more tender. Nine 
days after admission, on May 28, the laboratory reported that a gram-negative diplococcus had 
been isolated from blood cultures. Penicillin and sulfadiazine therapy was begun. On May 29 
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the patient complained of pain and coldness of his left arm. ‘The pulsations of the left axillary 
artery were palpated, but no pulsations of the left brachial and radial arteries were noted. Since 
the organism isolated from blood cultures showed a fairly high resistance in vitro to sulfadiazine, 
this drug was discontinued on June 7. The patient was given 2,500 c.c. of whole blood and ferrous 
sulfate during the latter part of his hospitalization for alleviation of his secondary anemia. 

On June 15, seventeen days after specific therapy was begun, the patient’s temperature be- 
came normal and remained so for eight days. Then a daily increase in temperature was noted for 
five days, reaching 101.8°F. (38.7°C.) on June 27. Because it was believed that this might be 
due to penicillin sensitivity, the penicillin was discontinued. Two days later the patient’s tempera- 
ture was within normal limits and he remained afebrile and asymptomatic during the remainder 
of his hospital stay. He was discharged on July 24, 1947, and was advised to return in three 
months for further study. 
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COURSE and THERAPY of a CASE of GONOCOCCIC ENDOCARDITIS. 


Fig. 1 


The patient was readmitted, for observation only, on Oct. 9, 1947. Since his previous dis- 
charge he had felt well and had gained weight. He complained only of some weakness and tiring 
of his right lower extremity on exercise. Physical examination disclosed the same harsh systolic 
precordial murmur, with radiation to the left axilla which had been noted previously. The left 
radial pulse was palpable but weaker than the right. A complete blood count was normal. The 
urine was normal. The sedimentation rate was 1.0 mm. in one hour. Three blood cultures showed 
no growth, X-ray examination of the chest showed no changes when compared with the film of 
May 20, 1947. The electrocardiogram was normal. The patient was discharged on Oct. 25, 1947, 
fit for duty. 
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He was again admitted on January 28, 1948, complaining of a penile sore which was diag- 
nosed as a chancroid. Since his previous discharge he had felt entirely well except for occasional 
tiredness. Physical examination revealed nothing significant except for the presence of an ulcer 
near the frenulum of the penis, and, as had been noted before, a harsh apical systolic murmur and 
clubbing of the fingers and toes. Laboratory data showed the blood count, hemoglobin, and urine 
to be normal. A prostatic smear and culture showed no gonococci. Aerobic and anaerobic blood 
cultures showed no growth. Dark-field examination of material scraped from the penile lesion 
was negative for Treponema pallidum. The Ducrey intradermal skin test was positive and the 
Frei test was negative. The sedimentation rate was 1.0 mm. in one hour (Wintrobe). X-ray 
examination of the chest showed no changes since the previous examination. The electrocardio- 
gram was normal. The patient was given 1.0 Gm. of sulfathiazole four times daily for five days. 
The penile lesion healed. He was discharged from the hospital on Feb. 6, 1948, in good condition. 


COMMENT 


This patient had gonococcic endocarditis, which was believed to be super- 
imposed upon a deformed and incompetent mitral valve as the result of previous 
rheumatic heart disease. Previous rheumatic heart disease was indicated by his 
history of ‘‘joint trouble” at 10 years of age and the persistence throughout the 
period of observation of an apical thrill and a harsh systolic mitral murmur with 
radiation to the left axilla. 

The diagnosis of gonococcic endocarditis was established by repeatedly 
positive blood cultures and the occurrence of embolic phenomena. Eight blood 
cultures made before specific therapy showed growths of gram-negative diplococci 
which were bacteriologically identified as being N. gonorrhoeae. In the acute 
stages of this patient’s illness there were evidences of emboli to the right leg, 
left arm, and spleen. 

Specific therapy consisted of 23.75 million units of penicillin and 62 Gm. 
of sulfadiazine. Because this strain of gonococcus was found to be moderately 
resistant to sulfadiazine, the drug was discontinued after ten days of treatment. 
Penicillin was continued for thirty-one days and then was stopped because of 
the development of fever, which was believed to be due to penicillin sensitivity. 

This patient was followed for over seven months after discontinuance of 
antibiotic therapy, and no evidence of recurrence of gonococcic endocarditis 
was noted. 
SUMMARY 


1. <A case of gonococcic endocarditis superimposed on a healed rheumatic 
mitral valve deformity is reported. The etiological diagnosis was confirmed by 
eight positive blood cultures of N. gonorrhoeae obtained prior to therapy. 

2. Treatment with penicillin and sulfadiazine resulted in an apparent cure. 
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ELECTROCARDIOGRAMS OF AN UNUSUAL PATTERN IN A PATIENT 
WITH ANOMALOUS AURICULOVENTRICULAR EXCITATION 


Oscar Rotu, M.D., AND Stmon D. Dorr, M.D. 
New HAVEN, CONN. 


INCE it was shown that electrocardiograms with short P-R intervals and 
widened QRS complexes constituted part of a not infrequent syndrome,' 
the condition has received considerable attention. It is generally considered to 
be the result of activation of the ventricle through anomalous conduction path- 
ways between the auricles and ventricles. 

Electrocardiograms obtained from a young man who showed this disturbance 
intermittently will be presented. The unusual feature of the case was the insta- 
bility of the disturbance. 


CASE HISTORY 


H. G., age 34, presented himself complaining of occasional stabbing pain in the region of his 

heart which recurred several times daily, lasted a few seconds, and was unrelated to effort. No 
other symptoms referable to the cardiovascular system were present. There was no disability. 
He passed a strenuous physical test as a line officer and campaigned actively overseas during 
World War II. The past history was essentially negative; there was no history of rheumatic 
fever or chorea. 

Physical examination revealed nothing important. The patient was of medium body build. 
The blood pressure was 110/80. The cardiac rhythm was regular and the heart rate was 70 per 
minute. The heart size was normal. No thrills and no murmurs were detected. X-ray films 
of the chest showed normal lung fields and a normal cardiac silhouette. The blood count was 
normal. The sedimentation time was normal. 

An electrocardiogram taken on the day of the initial examination (Fig. 1) revealed a Q2 
of 2.0 mm. which varied slightly with respiration, a Q; of 1.0 mm., an elevation of S-T; and 
S-T; of 1.0 mm., and inversion of T;. In view of the history and the appearance of the first 
tracing, the patient was recalled for a second electrocardiogram on the following day. In this 
tracing (Fig. 2) there is seen a short P-R interval of 0.08 second in Lead I, of 0.12 second in Lead 
II, and of 0.16 second in Lead III. ‘The QRS complex in Lead I is widened to 0.14 second, and 
the ascending limb is slurred. “The QRS complex in Lead II measures 0.12 second with a notching 
of the ascending limb. ‘The QRS complex in Lead III measures 0.10 second. There is a Q wave 
in Lead III of 5.0 mm. and an elevation of the RS-T in Lead III of 2.0 millimeters. The T waves 
are upright in the limb leads, inverted in Lead CF», and diphasic in Lead CF ,. 

On comparing these tracings, one notes that the second tracing differs from the first by 
showing shortening of the P-R interval in Lead I, widening of QRS in Leads I and II, deepening 
of the Q wave in Lead III, and reversal of the direction of the T wave in Lead III and in the chest 
leads. In addition, there is a marked increase of amplitude of R in Lead I and a decrease of R in 
Leads II and III. 

The presence of anomalous A-V excitation of an unusual pattern was suggested by these 
findings, and three days after the second tracing additional electrocardiograms were made. Ex- 
tremely long graphs were made with the intention of demonstrating, if possible, the shift from 
the normal to the abnormal pathway. 


From the Department of Medicine, Yale University and from the Medical Service of St. Raphael's 
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Fig. 1.—The electrocardiogram shows a normal A-V excitation. 
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Normal A-V excitation is seen throughout. 


‘ig. 4.—This tracing was taken less than one hour later. 
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Fig. 5.—Maximal Inhalation. No effect on the duration of the P-R or QRS intervals is observed. 
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In Fig. 3, the unbroken graph of each lead is shown almost in its entirety. (A small part 
at the end of each lead is missing, to facilitate photography.) <A shift in the conduction pathway 
from normal to abnormal to normal can be seen to take place many times. This shift occurred 
irregularly. A fourth series of leads were taken within the hour and in this tracing (Fig. 4) 
complexes exhibiting a normal conduction pathway appear throughout. Slight variation in 
amplitude of R, is due to difference in standardization. (Another instrument was employed.) 
Alteration in direction and amplitude of T; is thought to be due to respiration. 


Fig. 6.—Maximal exhalation. No abnormal complexes were produced. 


This tracing was then immediately repeated and the patient was to inhale maximally and to 
hold his breath while each lead was being taken (Fig. 5). Expected changes in amplitude of R 
and T waves are seen as well as reversal in the direction of T;. No effect on the duration of the 
P-R or QRS intervals is observed. However, it was demonstrated that conduction in the aberrant 
pathway could take place under this condition (arrow in Lead CF, of Fig. 5 points to abnormal 
complexes), but was not produced by deep inspiration as is seen in the resumption of normal com- 
plexes. Following this, another tracing was taken while the patient was exhaling maximally 
during each lead (Fig. 6). No abnormal complexes were produced. Finally, the patient was 
given the Master two-step exercise test. Immediately after this exercise, tracings were taken. 
Except for the sinus tachycardia, no changes were noticeable (Fig. 7). Eight minutes after the 
exercise test the tracings were repeated (Fig. 8). The sinus tachycardia had subsided, but a series 
of abnormal beats could now be seen in Lead CFs, indicating that exercise probably did not cause 
abnormal conduction in this patient. 


COMMENT AND CONCLUSION 
The case which has been presented shows clearly that the discovery of the 
existence of anomalous A-V excitation may require more than one routine electro- 
cardiogram. The determination of this condition, even as a latent disturbance, 
may be important since Wilson,” Vakil,* Nielsen and associates, Wood, Wolferth, 
and Geckeler,> and Kimball and Burch® have reported fatalities believed to be 
due to arrhythmias occurring in patients exhibiting anomalous A-V excitation. 
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Fig. 7.—Immediately after exercise. No changes except for sinus tachycardia. 
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Fig. 8.—Eight minutes after exercise. A series of abnormal beats are now present in Lead CFs. 
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ERRATUM 


In the article by Bing et al. entitled ‘““‘The Measurement of Coronary 
Blood Flow, Oxygen Consumption, and Efficiency of the Left Ventricle in Man,” 
page 1, July, 1949 issue of the JouRNAL, in Fig. 8 some of the points obtained 
were mistakenly plotted against the cardiac indices. However, after correc- 
tion of this error, some correlation between cardiac output and coronary flow 
is still present. 


|| 
1. 
3. 
4. 
6. 


rval 
585, 


ler- 
42. 
ted 


ory 
val 


ne, 


Abstracts and Reviews 


Selected Abstracts 


McClure, R. D., Behrmann, V. G., and Hartman, F. W.: The Control of Anoxemia 
During Surgical Anesthesia With the Aid of the Oxyhemograph. Ann. Surg. 128:685 
(Oct.), 1948. 


The authors emphasize the value of determining the oxygen saturation of the blood during 
surgical operations performed under various anesthetic agents. They trace the origin and de- 
velopment of the portable oxyhemograph and present data to prove the value of the instrument in 
the control of anoxemia during anesthesia. They point out the limitations of intermittent gas 
analyses because of the rapid fluctuations of oxygen saturation. The oxyhemograph makes 
tracings of the fluctuation of oxygen saturation of the blood with the respiratory cycle. 

Several case reports are given where oxyhemography was used before, during, and following 
various surgical procedures under various anesthetic agents such as Pentothal, Pentothal- 
nitrous oxide-oxygen, cyclopropane, ethylene and ether, and Spinocain. The oxyhemograph 
demonstrated that patients under Pentothal showed considerable individual susceptibility. 
The method also showed the advantage of 100 per cent oxygen inhalations over room air prior to, 
during, and following the Pentothal, (2) the decreasing tolerance to Pentothal in prolonged 
procedures, and (3) the importance of using at least a 60 to 40 nitrous oxide to oxygen mixture 
as a supplement to Pentothal. Under cyclopropane, ethylene-ether, or Spinocain, patients did 
not show decreasing tolerance or cumulative effect, as determined by oxyhemography. 

BEck. 


Bing, R. J., Handelsman, J. C., Campbell, J. A., Griswold, H. E., and Blalock, A.: The 
Surgical Treatment and the Physiopathology of Coarctation of the Aorta. Ann. 
Surg. 128:803 (Oct.), 1948. 


The authors report on twenty-three patients with coarctation of the thoracic aorta who have 
been operated upon. Thirteen of the patients were 20 years of age or above, while ten were 
younger. An anastomosis was completed in twenty-one of the twenty-two patients in whom it 
was attempted. In seventeen patients the stenosis was resected and an anastomosis of the proxi- 
mal and distal ends of the aorta was performed. In four patients in whom the proximal segment 
of the aorta was too short for end-to-end suture, the left subclavian artery was used as a by-pass 
around the stenosis. There were three deaths in the series, including one in a child who had 
multiple congenital defects which had been recognized preoperatively. 

Two observations were made during the three weeks’ postoperative period. In every patient 
where headache was a prominent preoperative symptom, it became conspicuously absent post- 
operatively. Also, the systolic blood pressure in arm and leg required some five to ten days to 
stabilize. 

The ideal operation is one in which the stenotic area is excised and the proximal and distal 
ends of the aorta are united by suture. The question has been raised as to whether one should 
employ the left subclavian artery to by-pass the point of stenosis if the ideal operation cannot be 
performed. It is the authors’ contention that this method should be used provided one does not 
have to sacrifice the large intercostal collateral arteries which arise from the aorta just beyond the 
point of stenosis. In earlier operations, one or more pairs of intercostal arteries immediately distal 
to the point of coarctation were doubly ligated and divided. Now, the authors try to spare these 
arteries. A modified Potts arterial clamp is introduced in the free space between the points of 
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origin of the left common carotid and the left subclavian arteries. This clamp occludes the aorta 
completely, but permits some circulation through the subclavian artery. A single layer of sutures 
which includes the entire thickness of the wall of the aorta has been used in the twenty-three 
operations. 

Physiologic investigations disclosed no significant deviation of the cardiac output from 
normal. Blood flow through the arm, which was elevated before operation, fell following surgery. 
The blood flow through the leg rose postoperatively. Hypertension in the upper part of the body 
and hypotension in the legs were observed preoperatively. After operation, these pressures 
tended to equalize. Analysis of the physiologic data indicated no generalized elevation of peri- 
pheral vascular resistance. It is probable, therefore, that the hypertension in coarctation of the 
aorta is not attributable to a renal pressor mechanism, but is due to the resistance of the stenosis 


and collateral arteries. 
BEcK. 


Murray, G.; Closure of Defects in Cardiac Septa. Ann. Surg. 128:843 (Oct.), 1948. 

The author discusses the high incidence of patent interventricular and interauricular septa 
which he found to be approximately 50 per cent in 350 congenitally diseased hearts which were 
examined. He carried out many studies in the experimental closure of septal defects and also 
studied the anatomic relations of the septa to various landmarks on the outside of the heart. 
Clinically, he carried out three operations on individuals with a patent interauricular septum and 
on. one patient with a patent interventricular septum. Three of the four patients lived and 
were thought to be improved. Indications for operative intervention were enlargement of the 
heart, cyanosis, lack of energy, and evidence of inadequate cardiac function. 

The method of closing the interventricular septum consisted of the passing of a living strip 
of fascia lata across the defect and allowing a thrombus to form on it. After a few days, heparin 
was utilized to prevent too great extension of the thrombus. The auricular septal defect was 
closed by means of sutures which pulled the anterior and posterior walls of the auricles together 

Lorp. 


Beck, C. S.: Revascularization of the Heart. Ann. Surg. 128:854 (Oct.), 1948. 


The author presents a third method for revascularization of the heart. This method consists 
of arterialization of the coronary sinus. Arterialization of the sinus was accomplished by grafting 
a systemic artery into the sinus and also by making a new branch from the aorta to the sinus using 
a free graft of artery or vein. Arterialization of the coronary sinus is effective physiologically. 
After anastomosis has been made it is possible to ligate a major coronary artery with little or no 
mortality and with little or no infarction. The author discusses the findings obtained by injection 
studies of dead specimens (dogs) and the various problems concerning circulation in the heart 
which invite further study. 

One patient with severe coronary artery disease was operated upon. A free graft of a brachial 
artery was placed between the aorta and coronary sinus. A fresh infarct developed in the inter- 
ventricular septum probably at the time of operation. The anastomosis was patent at the time 
of death one day later. The author believes that the time is near when the operation can be applied 


to patients. 
BEcK. 


Roskam, J., Renard, C. H., and Swalue, L.: Inconstancy and Variability of the Vas- 

cular Fragility Test Even in Purpuric Conditions. Blood 3:1112 (Oct.), 1948. 

It is pointed out that purpura and abnormal bleeding are due to hemic and vascular factors 
and that intradermal purpura is the result of multiple factors which are difficult toanalyze. The 
importance of the fragility of vessels in the production of petechiae in purpuric patients has been 
stressed previously. A list of conditions in which this phenomenon has been observed is given. 

The intensity of the purpura induced by venous stasis is approximated by the number of 
petechiae which occur during the test, but reference is made to the statement that there is a 
qualitative as well as a quantitative significance to the test, that is, that petechiae with a di- 
ameter over 1.0 mm. possess a significance similar to that of an increased bleeding time. These 
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large petechiae are observed in subjects with a hemorrhagic condition, and generally, the more 
severe the condition, the larger is the diameter of some of the petechiae. 

The vascular fragility test which the authors used consisted of the application above the el- 
bow of the cuff of a Boulitte oscillometer, inflated halfway between the maximal and minimal 
arterial pressure of the patient, for fifteen minutes. After decompression, the induced purpura 
on the whole surface of the forearm and hand was examined and recorded. 

Two cases of purpura simplex are described, one with a strongly positive vascular fragility 
test and one in which it was completely negative. The latter case indicated the great varia- 
bility of the vascular fragility test at different times in symmetrical areas of skin in a case of 
chronic hemorrhagic purpura. The response in these cases shows the complexity of the factors 
producing the purpuric eruption and it demonstrates the variability and inconstancy of the vas- 


cular fragility test. BEIZER. 


Jaques, L. B., and Ricker, A. G.: The Relationship Between Heparin and Clotting 


Time. Blood 3:1197 (Oct.), 1948. 

In a previous study it was shown that the clotting time depends upon both the coagulant 
power of the blood and the ability of the body to remove heparin from the circulation. The 
present study consists of further observations of the effect of heparin dosage on the clotting 
time in the dog. 

When heparin was added to blood, in vitro, a linear relationship was found to exist between 
the heparin dosage and the logarithm of the clotting time. The slope of this curve was used to 
obtain the “heparin sensitivity value.”” No correlation was found between the normal clotting 
time and the sensitivity to heparin. The sensitivity of blood to the anticoagulant action of 
heparin depended upon the individual from whom the blood was taken, and upon the technique 
used both for removal of the blood and for determination of the clotting time. Important technical 
factors that caused variable results were noted, such as whether the vein has been exposed 
or merely punctured; moistening of the syringe with saline; removal of the needle before the 
blood has been transferred to the tube; and different surface coatings. Temperatures were 
important in that the activity of heparin increased at temperatures above and below the range 
of 20 to 25° centigrade. Despite these variables, it was felt that the clotting time was valuable 
in the control of heparin administration if the technical factors were properly controlled. It 
was suggested, however, that heparin should be administered on a weight or potency basis rather 
than on the basis of an arbitrary clotting time. 

A ten- or fifteen-minute period was necessary in in vivo experiments for the clotting time 
to reach its peak unless very large doses were given. This would indicate that the delay was 
not due simply to the time required for mixing with the bloed. From in vitro experiments it 
was evident that a certain period of time was required for heparin to combine with the com- 
ponents of the clotting system before it could exert its maximum anticoagulant effect. This 
also explained the observation that the clotting time in vivo was always three to ten times greater 
than that obtained in vitro. No evidence of a biphasic response to heparin was found. The 
interval required for the clotting time to return to normal was quite short and, with a given 
dose, was constant with different animals. 

A test was described which showed the response of the individual to heparin added to the 
blood both in vitro and in vivo. This, in effect, combined the Waugh and Ruddick tests, which 
indicates the coagulability of the blood by an in vitro test, and the De Takats test, which is 
essentially a heparin tolerance curve. This curve is determined by the coagulability of the 
blood itself and also by those processes whereby the heparin activity disappears from the cir- 
culation. 

The authors conducted the combined heparin sensitivity test as follows: 0.0, 0.2, 0.5, 
and 1.0 unit of heparin in 0.3 c.c. of saline was placed in tubes in the coagulometer. Five cubic 
centimeters of blood were drawn and 1.0 c.c. added to each tube. The first and last portions of 
blood were discarded. The clotting times of the samples were determined to establish the in 
vitro curve. Thirty units per kilogram of heparin were then injected intravenously and 
the clotting time determined at five- to ten-minute intervals. This was usually repeated with 
a dose of 100 units per kilogram to give two in vivo curves. The results were plotted on semi- 
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logarithmic paper to give linear results. The response in vitro measures the sensitivity of the 
clotting mechanism to heparin, while the in vivo response, when interpreted in the light of the 
in vitro response, measures the ability of the body to remove heparin from the circulation. 

In experiments carried out by this method, the coagulability of the blood was found to be 
decreased in dogs anesthetized with pentobarbital, variable with ether, and unchanged with 
urethane. Hypercoagulability resulted from the injection of India ink or evisceration. Neph- 
rectomy has little effect. Pentobarbital and nephrectomy had no effect on the sensitivity of 
the blood to the anticoagulant effect of heparin, while ether anesthesia caused an increase in 
sensitivity. Urethane caused a decrease, but the injection of India ink or evisceration caused 
a marked decrease in sensitivity. None of these procedures affected the duration of heparin 


action in the body. BEIZER 


DeGraff, A. C., Batterman, R. C., and Rose, O. A.: Digitoxin: Its Evaluation for 
Initial Digitalization of the Patient With Congestive Heart Failure. J. A. M. A. 
138:475 (Oct. 16), 1948. 

The authors present an evaluation and comparison of three methods of oral digitalization 
with digitoxin. The study was made on groups of hospitalized patients with varying degrees of 
chronic congestive heart failure. With few exceptions, the patients had never previously re- 
ceived any digitalis preparation; in no case had any patient received any digitalis preparation 
more recently than three weeks previously. Prior to digitalization the patients were observed 
for at least several days, during which control period no mercurial diuretics were administered. 
An attempt was made to determine both the therapeutic dose and the toxic dose of digitoxin 
in each case. 

One group of patients was given digitoxin according to a multiple dose schedule consisting 
of an initial large dose followed by smaller doses at six-hour intervals. The initial dose varied 
from. 0.4 to 1.6 mg., most patients receiving 0.6 mg., and subsequent doses varied between 0.2 
and 0.4 mg., with the greatest number of patients receiving 0.3 milligram. The therapeutic 
dose, as determined by the occurrence of a definite sustained therapeutic effect, was ascertained 
in twenty-seven of the patients and ranged from 0.9 to 4.8 mg. (average, 2.2 mg.). Initiation 
of improvement occurred in most patients within twenty-four hours, but a satisfactory effect 
was not achieved until at least forty-eight hours. The toxic dose varied from 1.5 to 9.3 mg. 
(average, 4.1 mg.). The best dosage scheme was found to be 0.6 mg. initially, followed by 0.3 
mg. every six hours until the desired therapeutic effect was obtained. 

In a second group of patients, none of whom was acutely ill, daily single doses of 0.4 mg. 
of digitoxin were given. Digitalization was achieved in nine of the twelve patients, the desired 
therapeutic response occurring in from three to six days with a total dosage varying between 
0.9 and 2.4 mg. (average, 1.7 mg.). The toxic dose, as determined in eleven cases, ranged from 
1.6 to 8.0 mg. (average, 3.8 mg.). 

In order to determine the efficacy of the single-dose method of digitalization, as advocated 
by Gold, eighteen patients with chronic auricular fibrillation in varying degrees of congestive 
failure were given single doses of 1.2 mg. of digitoxin, as recommended by Gold, and were ob- 
served during the ensuing twenty-four hours for signs of clinical improvement. Adequate 
digitalization occurred in only three patients, including two who had been in only mild failure. 
Seven of the group evinced no clinical effects from the single “digitalizing’’ dose of the drug, 
and the remaining eight patients displayed slight but inadequate improvement. In those pa- 
tients who were not adequately digitalized after twenty-four hours, additional doses of digitoxin 
were given at intervals of six hours until satisfactory response resulted. Eleven patients re- 
quired 0.4 to 3.3 mg. (average, 1.6 mg.) more of the drug than the initial 1.2 mg. dose to achieve 
a good therapeutic effect. The toxic dose was found to vary between 2.1 and 7.1 mg. (average, 
4.6 mg.). 

The authors point out that although the toxic manifestations of digitoxin are in no way 
different from those resulting from the whole leaf of Digitalis purpurea, digitoxin toxicity per- 
sisted strikingly longer, lasting for many days in several patients, although the milder toxic 
symptoms usually subsided in from two to three days. The persistence of the toxic mani- 
festations was the result of the slow dissipation of digitoxin. 
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Of the three methods of oral administration which were investigated, the multiple-dose 
method was deemed the one of choice. It was stressed, however, that the ‘average’ dose is 


only a rough guide and that a total dose optimum for the individual patient must be admin- 


istered before a satisfactory therapeutic response is attained. 
It is the opinion of the authors that digitoxin offers no particular advantage over digitalis 


leaf and that because of the possibility of severe and prolonged toxicity, digitoxin is not the 
glycoside of choice. 


HANNO. 


Kessler, D. L., and Hines, L. E.: Hazards of Thiocyanate Therapy in Hypertension. 

J. A. M. A. 138:549 (Oct. 23), 1948. 

The authors review the toxic effects of thiocyanate administration and present reports of 
three cases, one of which terminated in death, illustrating the hazards of thiocyanate therapy 
for essential hypertension. 

In the first case, treatment with thiocyanates had been ineffective in producing a fall in 
blood pressure both before and after lumbodorsal sympathectomy. After thirteen months of 
thiocyanate therapy the patient developed weakness, dizziness, vomiting, confusion, and dis- 
orientation. The serum thiocyanate level at this time was 8.8 mg. per cent, a concentration 
below that at which toxic manifestations ordinarily occur. Eighteen days after discontinuation 
of the drug, the blood level had fallen to 5.5 mg. per cent and complete recovery had taken place. 

A second hypertensive patient was placed on 0.3 Gm. of potassium thiocyanate three times 
daily. The blood concentration two weeks later was 8 mg. per cent. One week later, while 
he was on the same dosage of the drug, weakness, palpitation, slurred speech, mild disorientation, 
and soreness of the lips, tongue, and mouth developed. The serum thiocyanate level was found 
to be 22 mg. per cent, a concentration higher than the desired therapeutic range of from 8 to 12 
mg. per cent. Recovery took place eight days after thiocyanate therapy was stopped, the blood 
level falling to 10 mg. per cent. 

A third patient with severe renal damage who had been taking 0.26 Gm. of potassium thio- 
cyanate three times daily for a period of one month developed a severe exfoliative dermatitis 
and hepatic necrosis which terminated fatally. The blood thiocyanate level in this patient 
was 25.3 mg. per cent. 

The authors caution that the margin of safety between therapeutic and toxic levels is nar- 
row in some patients, and they point out that moderate toxic symptoms are not uncommon 


even when blood levels are within a range recommended as safe. 
HANNO. 


Melville, K. I.: Further Studies on the Antifibrillatory Action of Coronary Dilator 

Drugs. J. Pharmacol. & Exper. Therap. 94:136 (Oct.), 1948. 

The author, using intact, pentobarbital-anesthetized dogs, tested ephedrine, amyl nitrite, 
sodium nitrite, and nitroglycerine for their antifibrillatory effects by evaluating their efficacy 
in preventing chloroform-epinephrine induced fibrillation. 

All four of the drugs studied prevented premature contractions and fibrillation when given 
in suitable dosage. Amyl nitrite, sodium nitrite, and nitroglycerine prevented fibrillation 
despite a marked increase in arterial blood pressure when epinephrine was administered during 
chloroform inhalation. Larger amounts of the nitrite group abolished the epinephrine 
pressor effects as well as the fibrillatory effects. Ephedrine protected the heart against fibril- 
lation despite a marked pressor response, and despite premature contractions produced by 
ephedrine prior to epinephrine administration, which, in turn, produced a further rise in ar- 
terial pressure. 

Fibrillation, caused by epinephrine during cholorform administration, is commonly 
ascribed to the pressor effect of the epinephrine. This work would indicate that another mech- 
anism must be responsible for the fibrillation. The antifibrillatory action of the four drugs 
used in this work, as well as that of both papaverine and atabrine, is ascribed by the author to 


their common property of acting as coronary dilators. 
GODFREY. 
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Kergin, F. G., Bean, D. M., and Paul, W.: Anoxia During Intrathoracic Operations 

(A Preliminary Report). J. Thoracic Surg. 17:709 (Oct.), 1948. 

Little information is available in regard to the degree and duration of anoxia which is likely 
to be harmful. Investigations carried out in aviation medicine have been done on fit individuals 
who were not undergoing a surgical operation, and these have shown great individual variation 
in tolerance for anozia. The method used in this investigation was to record continuously the 
level of arterial oxygen unsaturation during and immediately after major thoracic operations by 
means of an oximeter, which, by means of color filters and a two-channel photocell, gives a con- 
tinuous recording of the oxygen unsaturation in the blood of the fully dilated capillaries 
of the ear. 

Observations have been made in seventy intrathoracic operations. Pneumonectomies, 
lobectomies, and esophagectomies were done under intratracheal ether-oxygen anesthesia. 
Thoracoplasties were done under intratracheal cyclopropane. In none of the thoracoplasty 
cases was there any significant fall in oxygen saturation. However, in the cases where the 
pleural space was opened, the oxygen saturation was subject to surprising swings. It was not 
unusual to encounter an abrupt fall to 25 to 30 per cent oxygen unsaturation followed by a rise 
when positive pressure was applied. In addition, as the operation progressed, there was a grad- 
ually increasing oxygen unsaturation in many patients. This latter can be prevented or cor- 
rected by the application of positive pressure anesthesia at a pressure of 15 mm. of mercury. 

From this investigation, to date, it is concluded that with this method of anesthesia a sig- 
nificant degree of anoxic anoxia may occur during major intrathoracic operations. This is 
probably due to a progressive atelectasis of the contralateral lung, and it can be prevented or 
corrected by the use of positive pressure anesthesia. Since anoxia during operation cannot be 
recognized by clinical signs, the use of the oximeter is a valuable addition to the technique of 
major intrathoracic operations. 


Douglass, R.: Anomalous Pulmonary Vessels. J. Thoracic Surg. 17:712 (Oct.), 1948. 

The surgical importance of anomalous pulmonary vessels is apparent. The author tabu- 
lates reports relating to anomalous pulmonary arteries and veins in the anatomic and patho- 
logic literature. Four cases encountered during operation are reported in addition to ten cases 
previously reported by surgeons. Two types of anomalous pulmonary arteries are reported 
by both pathologists and surgeons, the more common type arising from the aorta below the 
hilum, the second arising from the abdominal aorta or celiac axis. In the pathologist’s material, 
anomalies are approximately equally distributed between the right and left sides. In the surgi- 
cal cases, the vessel was on the left side in ten, on the right side in one, and the side was not 
specified in three. The associated pulmonary pathology was an infected cyst in eight instances, 
a fact which suggests that multiple congenital anomalies were present. 


BECK. 


Blood, D. W., and Patterson, M. C.: Effect of Aminophyllin on the Coagulation of 

Human Blood. Proc. Soc. Exper. Biol. & Med. 69:130 (Oct.), 1948. 

Aminophyllin, 0.48 Gm., was given intravenously over a ten-minute period to eighteen 
patients. In none of them was there any evidence of liver disease or disorder of the blood-form- 
ing organs and in no case were drugs being taken which are known to affect the clotting of the 
blood. Determinations of the clotting and prothrombin times were done before injection and 
thirty minutes and one hour after the injection. A second group of twelve patients were given 
0.2 Gm. of aminophyllin by mouth four times a day for seven days. Determinations of clotting 
and prothrombin times were done both before and following the period of administration of the 
drug. The clotting time was determined by a modification of the Lee-White method. The 
prothrombin time was determined by a slight alteration in the Link-Shapiro modification of 
Quick’s method. An identical test was also done using 12.5 per cent plasma. The strength of 
the thromboplastin used was found to vary considerably with different lots of the preparation, 
and for this reason a control plasma prothrombin time was determined on a normal subject 
at the time each patient was tested. Prothrombin times were all expressed as percentage of the 
normal control for a given day. Duplicate determinations were done on all tests. 
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The authors found that following the administration of aminophyllin by either the oral 
or intravenous route there were no statistically significant changes in the clotting time of the 
blood, or in the prothrombin time of undiluted or diluted (12.5 per cent) plasma. 

KLINE. 


Wilson, A., and Stoner, H. B.: The Effect of the Injection of Acetylcholine Into the 

Brachial Artery of Normal Subjects and Patients With Myasthenia Gravis. Quart. 

J. Med. 16:237 (Oct.), 1947. 

The responses to nicotine and muscarine were studied in thirteen normal subjects and in twelve 
patients with myasthenia gravis, not under the influence of prostigmine, after intrabrachial injec- 
tion of 10 to 80 mg. of acetylcholine. 

The nicotine effects, flexion, loss of muscle power, and fasciculation, seen in the normal sub- 
jects and in the patients with myasthenia gravis after the injection of acetylcholine were recorded. 
The results show that a flexion response occurred in an almost equal number of cases in each group. 
The flexion response was confined to the fingers and, although involuntary, could usually be con- 
trolled by the patient, who was able to extend the fingers and counteract the contraction. Where 
the contraction occurred in patients with myasthenia gravis it did not differ from that seen in the 
normal subjects. Signs of excess acetylcholine did not occur in every normal subject, but the loss 
of power in the hand was more frequent in that group. The paresis was partial and persisted for 
from one to three minutes. In a number of cases the flexion response was followed by loss of power 
in the hand grip. This suggests that a concentration of acetylcholine sufficient to produce stimu- 
lation was followed by a greater concentration with resultant depression. 

The muscarine effects, vasodilatation and sweating, were also studied. The onset of the flush 
usually occurred within two to five seconds and spread from the forearm to the wrists and fingers. 
Where this vasodilatation of the fingers was observed, it was usually, but not always, associated 
with sweating of the palmar surface of the hand. The flush disappeared gradually and in some 
cases had completely disappeared after six minutes; in other subjects, however, it was still present 
after twenty minutes. The time of appearance and duration of sweating was as varied as was the 
vasodilatation, and no correlation was observed between the flush and sweating. The muscarine 
responses varied from case to case. This variability is discussed in relation to the reliability of 
this method of testing the sensitivity of muscle to injected acetylcholine in man. 

No evidence of a striking difference in the sensitivity of normal and of myasthenic muscle 
to nicotine injected intra-arterially was observed ; nor was it demonstrated that myasthenic muscle 


is peculiarly hypersensitive to acetylcholine. BELLET. 


Effers¢e, P.: Nephrectomy in Hypertension and Unilateral Renal Disorder. Acta med. 

Scandinav. 131:10 (No. 1), 1948. 

The author reports two cases of hypertension and unilateral renal disease in which nephrec- 
tomy has been performed. Case 1 is that of a 39-year-old man whose nonfunctioning left kidney, 
the seat of pyonephrosis, was removed because of hypertensive encephalopathy. After nephrec- 
tomy there was marked symptomatic and eye-ground improvement and a blood pressure fall from 
preoperative levels of 200-180/130-100 to 120/70. At the end of fifteen months, symptoms sug- 
gesting hypertensive encephalopathy had returned, and the blood pressure on readmission to the 
hospital was 170/115, though it fell to 140/90 with rest in bed. The second patient was a 53-year- 
old woman who had a left nephrectomy on surgical grounds for chronic pyelonephritis and nephro- 


lithiasis. Her blood pressure of 200-190/120-110 showed only a transient postoperative decline. 
SAYEN. 


Acta med. Scandinav. 131:51 


Mediastinitis Anterior Chronica. 


Lohman, A. J. M.: 


(No. 1), 1948. 
The author is of the opinion that certain acute tracheobronchial or pharyngeal infections 


produce mediastinitis by extension to the peribronchial and peritracheal lymph glands. A peri- 
pericarditis follows which may or may not cause an exudative reaction in the pericardial cavity 
itself. Following the acute phase in which symptoms may be minimal or absent, a chronic an- 
terior mediastinitis may occur. Five such cases are reported. 
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The characteristic history was of an acute influenza-like illness associated with persistent 
substernal oppression over periods varying from four weeks to seven years, most marked with 
exertion or deep respiration. Lateral roentgenograms revealed indrawing of the xiphoid process, 
an obtuse angle between the diaphragm and the anterior chest wall, a thickening of the soft tissues 
of the lower precordium, and an unusually perpendicular direction of the long axis of the heart 
shadow. 

The electrocardiogram was normal, except in one patient thought to have associated coronary 
disease. The tuberculin reaction was negative in three instances and strongly positive in the one 
patient whose diagnosis was confirmed by operation. This patient was found to have an anterior 
mediastinum filled with tough connective tissue 1.5 cm. thick. The xiphoid, which was dislocated 
backward, was excised with the lowermost third of the sternum. There was increased pericardial 
fluid but no adhesions. On section, edematous fibrous tissue with slight polymorphonuclear 
and lymphocytic infiltration was found. The patient lost his symptoms for the duration of the 
two-year postoperative follow-up period. 

The importance of considering chronic anterior mediastinitis in patients with precordial or 
substernal oppression that might otherwise be attributed to neurosis is stressed. Operative ex- 
cision of the scar and the adherent xiphoid is believed indicated only for severe symptoms. _ 
SAYEN. 


Mortensen, V., and Warburg, E.: Chronic Constrictive Pericarditis. Acta med. Scandi- 

nav. 131:203 (No. 3), 1948. 

The author reviews the literature and reports twenty-five cases of chronic constrictive peri- 
carditis in which the diagnosis was confirmed by operation in nineteen, by x-ray in four, and by 
necropsy in one. The etiology was undetermined in two-thirds of the group; in three patients it 
was clearly tuberculous and in two, post-traumatic. Although symptoms suggesting rheumatic 
fever were present in 10 per cent, this incidence was not thought to be significantly greater than 
would be found among other groups of patients in a medical clinic. 

Systolic blood pressures tended to be low, but pulse pressures were not always small and only 
once in nine instances was pulsus paradoxus demonstrated. T-wave abnormalities were present 
in most electrocardiograms and auricular fibrillation in a minority. Roentgenkymograms showed 
small cardiac pulsations regularly. Seventy-two per cent of heart shadows were normal in size. 
Forty-eight per cent showed calcification, which in general tended to be associated with enlarge- 
ment and auricular fibrillation. 

Pericardial resections were done on twenty patients. Nine died within a few days or weeks 
of the procedure. Four were unimproved, two dying, respectively, four and six years later. The 
results in seven were excellent. Five of the seven patients with calcification died and the other 
two were unimproved following operation. Two of the tuberculous patients died and one was 
rendered symptom free. Of the five patients not operated on, three died within 3 to 6 years of 
diagnosis, while two were still alive, respectively, seven and thirteen years later. 

The authors feel that older persons should not be operated on, but that younger individuals 
should be explored and pericardiectomy done if calcification is not conspicuous; otherwise the risks 
have proved great and the results poor. SAYEN. 


Barnes, D. W. H., Loutit, J. F., and Reeve, E. B.: A Comparison of Estimates of Cir- 
culating Red Blood Cell Volume Given by the Ashby Marked Red Cell Method and 
the T 1824 Haematocrit Method in Man. Clin. Sc. 7:135, 1948. 

The authors measured total red cell volume bv use of the Evans blue-dye and the Ashby 
methods. 

It was found that about 5 per cent of the packed red cell volume consists of trapped plasma, 
and hematocrit readings should be appropriately corrected. In twelve patients and eight normal 
subjects, simultaneous estimations were made by both methods. On the average, the red cell 
volume calculated by the plasma dye and hematocrit method was 13 per cent greater than by the 
Ashby method. From other similar reported series, it appears that the dye and carbon monoxide 
methods give approximately a 15 per cent greater estimate than the Ashby and radioactive 
jsotope labeled methods. 
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It is concluded that the dye method overestimates the ‘‘true volume.” The true red blood 


cell volume equals the red cell volume determined by the dye method times the factor 0.87 + .06. 
WAIFE. 


Gordin,R.: Alternating Nodal and Sinus Rhythm in a Case of Situs Viscerum Inversus. 

Acta med. Scandinav. 131:422 (No. 5), 1948. 

The author presents the case of an 83-year-old woman with situs inversus and extensive 
myocardial scarring who manifested A-V nodal rhythm alternating under conditions of exertion 
or excitement with sinus rhythm at a faster rate. Sinus rhythm could be produced briefly by 
carotid sinus pressure (thought to be on the basis of pain rather than vagal stimulation) and by 


atropine. SAYEN. 


Barnes, D. W. H., Loutit, J. F., and Reeve, E. B.: Observations on the Estimate of the 
Circulating Red Blood Cell Volume in Man Given By T 1824 and the Haematocrit, 
With Special Reference to Uncorrected Dye Loss From the Circulation. Clin. Sc. 
7:155, 1948. 

The discrepancy between the T-1824 estimate of red cell volume and the Ashby (labelled red 
cell) and radioactive red cell methods could be due either to uncorrected loss of dye from the 
circulation or to unequal distribution of red cell and plasma in the circulating blood. 

These investigators found that it takes about thirty or forty seconds for dye added to plasma 
to become bound to plasma albumin and no great loss of unbound dye can be expected to occur. 
Comparison of changes in concentration of marked red cells and T-1824 in the few minutes fol- 
lowing transfusions suggested that the “mixing phase”’ of the dye dilution curve is actually due to 
mixing. Errors due to impurities in the injected dye solution and possible errors due to dye. loss 
ignored by the extrapolation method are probably very small. 

It seems, therefore, that the overestimation of red cell volume given by the dye-hematrocrit 


method is due to the unequal distribution of plasma and red cells in the circulating blood. 
WAIFE. 


Van Wyk, J. J., and Hoffmann, C. R.: Periarteritis Nodosa. Arch. Int. Med. 81:605 

(May), 1948. 

A case is described of a 71-year-old Negro woman in whom a fatal exfoliative dermatitis 
developed as a result of medication with diphenylhydantoin sodium (“Dilantin sodium’’), which 
was continued in the face of clear evidence of hypersensitivity to the drug. At autopsy, inflam- 
matory, necrotizing arterial lesions of the type occurring in serum sickness and in hypersensitive 
reactions to the sulfonamide drugs and to iodine were present in the liver, spleen, kidneys, bone 
marrow, and skin. These lesions are a manifestation of the anaphylactic type of hypersensitivity 
and the authors suggest that continued medication with diphenylhydantoin sodium (as well as 
as phenobarbital, iodine, sulfonamide drugs, and phenylethylhydantoin ‘“‘Nirvanol’’) after the 


clinical evidences of hypersensitivity have developed may lead to periarteritis nodosa. 
BERNSTEIN. 


Hultgren, H. N.: Caleific Disease of the Aortic Valve. Arch. Path. 45:694 (June), 1948. 

The author examined one hundred adult hearts from consecutive autopsies. The ages of 
the patients ranged from 26 to 86 years, the average age being 58 years; one-third of the number 
from female patients. In addition to routine gross inspection, he employed a roentgen visualiza- 
tion of the dissected aortic valves in an effort to analyze more objectively the grade of calcific 
deposit and to identify the earliest essentially microscopic lesions. 

Of these one hundred hearts, forty-six had demonstrable calcific deposits in the aortic valves; 
eleven were immediately withdrawn from analysis because of the presence of undoubted rheumatic 
disease, and one because of bicuspid deformity with calcification. The average age of the remain- 
ing thirty-four hearts was 67 years, in contrast to the over-all average of fifty-eight. In addition 
to this demonstrable increase in calcification parallel with increasing age, it was noted that the 
aortic valvular calcification roughly parallelled the degree of aortic calcification, with particular 


reference to the lumbar aorta. 


| 
‘ith 
>SS, 
ues 
art 
iry | 
ne 
ior 
ial 
ar 
he 
or 
x- 
N. 
i- 
i- 
y 
it 
y 
t 
} 
‘ 


AMERICAN HEART JOURNAL 


632 


The following was also recorded: In this nonrheumatic group aortic valvular calcification 
was not encountered under the age of 40 years; and while there was no sexual predominance from 
the standpoint of actual incidence of aortic valvular calcification, it was yet apparent that massive 
calcification of aortic valves predominantly affected the male sex. Significantly in this type of 
nonrheumatic calcific aortic valvular disease, only minimal (lateral) adhesion of valve cusps was 
found, and there was no rolling or thickening of the free edge of the leaflets, even with severe 
calcification. 

The histologic examination revealed that calcification made its earliest appearance inside 
the sinus of Valsalva at the base of the leaflet, filling in the angle of insertion between the leaflet 
and the aortic wall. The fibrocollagenous tissue that normally exists in closely packed bundles 
in this area became frayed, acellular, and then pock-marked with small points of calcium deposit. 
Inflammatory reaction was slight and seemed to be intimately associated only with the presence 
of calcific deposit, since in other fields without the calcium, the acellular areas showed little or no 
such infiltration. In conjunction with the increased acellularity of the fibrocollagenous tissue in 
this area of valvular insertion, there was a deposit of lipoid material. The author emphasizes the 
absence of this lipid deposit on the ventricular aspect of the valve leaflets. 

It is the author’s opinion that fullblown aortic stenosis is a result of a process not necessarily 
associated with inflammatory heart disease. Signs of an inflammatory reaction, recent or old, 
are not recognizable in most of these cases. He therefore believes that calcification of the aortic 
valve, at least in many cases, is the result of a purely degenerative process without a rheumatic 
origin. GOULEY. 


White, N. K., and Edwards, J. E.: Anomalies of the Coronary Arteries. Arch. Path. 

45:766 (June), 1948. 

In the course of study of the coronary arteries in 600 hearts, four were discovered which 
showed an anomaly of those vessels. One heart from a 39-year-old man showed the unusual 
abnormality of a single coronary artery. One case showed both arteries arising in the left aortic 
sinus (ectopic origin of the right coronary artery). Two cases revealed the left circumflex artery 
arising from the right coronary artery. 

Of interest is the fact that aside from one case, the hearts presenting these major anomalies 
of the coronary arteries were from elderly people, and of the group, only one of these patients 
died as a result of cardiac failure (a patient 81 years of age). 

Even in the rare instances where a single coronary artery is presented, the theoretical risk 
of a totally ischemic heart following coronary disease is not definitely established. The remaining 
anomalies appear to have no important bearing on longevity. 


GOULEY. 


Soulie, P., Michel, J., and Baygin, R.: High Precordial Leads in Normal Subjects and in 
Patients With Coronary Artery Disease. Arch. d. mal du coeur 41:289 (July), 1948. 
The authors investigated the value of a number of precordial positions located one and two 

intercostal spaces higher than those used for conventional leads. As previous observations by 

others have amply demonstrated, these leads, except for minor details, resembled the precordial 
electrocardiogram obtained from standard position in twenty-two normal individuals. In nine 
examples of myocardial infarction in various locations, these high leads confirmed the findings of 
the standard precordial positions and suggested to the authors upward extension of the lesion. 

No examples of high lateral infarctions were observed, and the difference between high lateral and 

standard precordial leads in vertically placed hearts was not emphasized. 


HECHT. 


Meyer, P., and Herr, R.: The Electrical Axis of Standard and Thoracic Leads Obtained 

by Means of an Artificial Dipole. Arch. d. mal. du coeur 41:325 (July), 1948. 

Two stimulating electrodes designed to deliver approximately two volts were inserted into 
the chest of a cadaver. The position of the stimulating electrodes was varied with respect to the 
horizontal. This dipolar stimulator was placed in the center of, or to the right and to the left of, 
the sternum. The current was picked up by extremity electrodes. 
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Agreement between the calculated angle @ from the limb lead records and the actual values 
was close if the dipole was located in the midline. With the dipole to the left of the sternum, 
clockwise deviation from the expected value up to 16° was obtained; with the dipole shifted to the 
right, deviations were between 7° and 37° in a counterclockwise direction. Unless these dis- 
placements were excessively large, the calculated and obtained values agreed within a small range. 
When the poles of the stimulating electrodes were inserted at various depths, the calculated angle 
a underwent slight variations but the differences between the actual and recorded values remained 
relatively insignificant. 

The authors present their results as a further contribution on the validity of the Einthoven's 


triangle concept. HEcHurT. 


Edwards, J. E., Christensen, N. A., Clagett, O. T., and McDonald, J. R.: Pathological 
Considerations in Coarctation of the Aorta. Proc. Staff Meet., Mayo Clin. 23:324 
(July 21), 1948. 

In the infantile type, the coarctation of the aorta usually lies between a patent ductus arterio- 
sus and the left subclavian artery. The adult type shows a zone of narrowing usually at the level 
of the aortic insertion of a closed ductus or immediately distal to it. Aberrations from these 
conditions are not infrequent. 

When the ductus remains open, the intrapulmonary arteries and arterioles show significant 
morphologic changes, The region of the termination of the ligamentum arteriosum and the zone 
of aortic narrowing are described both as to gross and microscopic appearances. A striking finding 
is the “jet lesion” in the aorta distal to the stricture. This lesion is a localized corrugated patch 
of fibrous intimal thickening, which is considered to result from trauma by a jet of blood striking 
the wall after passing through the narrowed lumen. This defective area may interfere with sur- 
gical treatment and prevent favorable results. 

These investigators have also observed that the area of narrowing is chiefly due to a sphinc- 
teric curtain of thickening of the aortic media which is present at all ages. In adolescents and 
adults, an additional layer of intimal thickening suggests progressive changes due to the trauma 
of eddy currents of blood at the point of stricture. The authors refute the Skodiac hypothesis 
for coarctation by overgrowth of the ligamentum arteriosum. 

Concomitants of coarctation of the aorta are myocardial hypertrophy, bicuspid aortic valve, 
with aortic insufficiency, bacterial endocarditis, rupture of the aorta with dissection, and so-called 


congenital intracranial aneurysms of the circle of Willis. 
ARKLESS, 


Proc. 


Pugh, D. G.: The Value of Roentgen Diagnosis in Coarctation of the Aorta. 
Staff Meet., Mayo Clin. 23:343 (July 21), 1948. 


The pathognomonic roentgenologic sign in coarctation of the aorta is notching of the ribs. 
This is due to enlargement of the intercostal arteries which produces erosion of the superior aspect 
of the costal groove on the inner surface of the rib. This concept corrects the common statement 
in the literature that the notching is on the inferior aspect of the ribs. Similar notching occurs in 
intercostal neurofibromatosis and following intercostal artery enlargement due to vascular lesions 
of the thoracic wall. Minimal notching may be overlooked. No notching is present when the 
development of collateral circulation has been insufficient to cause enlargement of the inter- 
costal arteries. 

Other roentgenologic manifestations of coarctation of the aorta, such as lack of prominence 
of the aortic knob and left ventricular hypertrophy, are not of much diagnostic aid, but any and 
all roentgenologic criteria may help the surgeon decide on operability. 

To evaluate the accuracy of roentgenologic diagnosis in this condition, ninety cases were 
studied. The author concluded that the clinical diagnosis of coarctation of the aorta is more 
accurate than the x-ray diagnosis. About a fourth of the patients did not exhibit the pathogno- 


monic notching of ribs. The youngest patient in this group to show this sign was 8 years of age. 
ARKLEsS, 
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Wakim, K. G., Slaughter, O., and Clagett, O. T.: Studies on the Blood Flow in the 
Extremities in Cases of Coarctation of the Aorta: Determinations Before and After 
Excision of the Coarctate Region. Proc. Staff Meet., Mayo Clin. 23:347 (July 21), 1948. 


These authors studied the resting blood flow in all extremities of fourteen patients with 
coarctation of the aorta by means of the venous occlusion plethysmograph with the compensating 
spirometer recorder. They compared these findings with the flow in corresponding extremities 
of fourteen normal persons under identical controlled conditions. Differences in blood flow 
were considered insignificant, 

Nine of the patients with coarctation of the aorta were restudied following excision of the 
coarctate portion and anastomosis of the aorta. There was a slight average decrease of blood 
flow to the arms and a slight average increase of flow to the legs after the operation. 

ARKLEss. 


Brown, G. E., Clagett, O. T., Burchell, H. B., and Wood, E. H.: Preoperative and Post- 
operative Studies of Intraradial and Intrafemoral Pressures in Patients With Co- 
arctation of the Aorta. Proc. Staff Meet., Mayo Clin. 23:352 (July 21), 1948. 


By the use of hypodermic strain-gauge manometers, intra-arterial blood pressure and pulse 
wave characteristics were studied in twenty-five patients with coarctation of the aorta and in 
six normal subjects. In the former group (1) systolic and diastolic pressures in the radial artery 
were elevated above the range of values observed for normal subjects, (2) systolic pressure in the 
femoral artery was reduced or within the range of values obtained for normal subjects while dia- 
stolic pressure was usually elevated above the normal range, (3) the ratios of femoral to radial 
systolic pressure and of femoral to radial pulse pressure were below the range of similar ratios 
obtained for normal subjects, (4) the onset of the femoral pulse wave was nearly always delayed 
beyond the onset of the radial pulse wave, and (5) the interval of time elapsing between the onset 
and the attainment of the peak in the femoral pulse was, with one exception, beyond the range 
of values observed in the normal subjects. 

Similar studies were made on patients before and after corrective surgical procedures. One 
group included three individuals in whom anastomosis of the left subclavian artery and the 
thoracic aorta was accomplished after resection of the stenosed portion of the aorta. A second 
group comprised eight patients in whom the stenotic segment was resected and then anastomosis 
of the proximal and distal ends of the aorta accomplished. In the first group, the delayed onset 
of the femoral pulse wave usually seen in untreated individuals was eliminated postoperatively, 
but values for arterial blood pressure were similar in both groups. In the groupin which end-to-end 
anastomosis of the aorta could be accomplished, much more striking changes in the cardiovascular 
dynamics toward the normal were observed. ARELESS. 


Clagett, O. T.: The Surgical Treatment of Coarctation of the Aorta. Proc. Staff Meet.. 
Mayo Clin. 23:359 (July 21), 1948. 


The author reports on the surgical experience in coarctation of the aorta at the Mayo Clinic. 
Twenty-one patients, fourteen male and seven female subjects, came to operation. The author 
suggests that the optimum age range for operation is 10 to 20 years. Before the age of 10 years 
the aorta is too small and there is a question as to whether the anastomosed segments will keep 
pace with the normal growth of the body. After the age of 20 years, there may be considerable 
local vascular damage, if the coarctation is severe, precluding favorable results. A comparatively 
long and tapering segment of stricture, or a high position, adjacent to the subclavian artery, makes 
end-to-end anastomosis of the resected aorta not feasible. In eight of his cases, the author deemed 
it advisable to ligate the aorta at the stricture, section it distally, and then accomplish anasto- 
mosis with the rotated proximal end of the sectioned left subclavian artery. Results in these 
instances were not so good as was hoped. 

In thirteen cases, resection of the stenosed portion followed by end-to-end anastomosis was 
carried out. There were five deaths in the entire group. The results seem satisfactory in twelve 
of the sixteen patients who survived operation. ARELESS. 
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McMillan, G. C., and Duff, G. L.:_ Mitotic Activity in the Aortic Lesions of Experimental 
Cholesterol Atherosclerosis of Rabbits. Arch. Path. 46:179 (Aug.), 1948. 


The authors were impressed by the occurrence of mitotic configurations in the foam cells of 
the aortic lesions induced in rabbits by cholesterol feeding. They found clearly definable mitoses 
in the atheromatous foam cells in six out of ten rabbit aortas. Photographic evidence revealed 
various phases, all undoubtedly mitotic. They were found not only in the superficial but also 
in the deep cellular deposits of the atheroma. Their presence is indicative of the origin of numerous 
large binucleate foam cells in the deeper layers of the intimal lesions. 


Regardless of the origin of the foam cells in general in these aortic lesions, it is clear that 
there is a large local proliferation. The mitotic process was not found in the lining of endothelial 
cells, and it is clear that the process was activated in cells that had already infiltrated into the 


atheromatous focus. 
GOULEY. 


Potts, W. J., Gibson, S., and Rothwell, R.: Double Aortic Arch. Report of Two Cases. 
Arch. Surg. 57:227 (Aug.), 1948. 


The authors report two cases and describe the characteristic clinical signs of a double aortic 
arch. These signs include laryngeal stridor, noisy, labored respiration, dysphagia, frequent infec- 
tions of the upper respiratory tract, and choking spells often associated with cyanosis. These 
recurring symptoms in an infant should make one suspicious of a constricting double aortic arch. 
The suspected diagnosis can be established fluoroscopically and roentgenologically. With the 
infant in a lateral position on the fluoroscopic table barium sulfate will help demonstrate a concave 
shadow in the posterior wall of the esophagus. BECK. 


Mussafia, A., and Masini, V.: Prognosis in Myocardial Infarction. I. Prognosis After 
the Acute Stage. Study of 100 Cases. Cuore e circolaz. 32:193 (Aug.), 1948. 


The authors studied a series of one hundred patients who survived the acute stage of myo- 
cardial infarction. They were divided into three groups: (1) Patients with good functional 
recovery (57 per cent); (2) patients with resulting angina pectoris (23 per cent); and (3) patients 
with resulting cardiac failure (20 per cent). The prognosis depends on the age of the patient, on 
the previous cardiovascular condition, and on the severity of the infarction. In many cases the 
patient survived the infarction for several years (more than eight). The causes of death are cardiac 
failure or coronary insufficiency (usually a new infarction). Failure is more common in hyper- 
tensive patients and/or in patients who suffered from failure before the infarction. Recurrence of 
the infarction is unpredictable and may occur also in patients of the first group even many years 
after the first attack. 

LUISADA. 


Lazzari, G.: Acute Malignant Endocarditis From Pneumococcus. Cuore e circolaz. 
32:201 (Aug.), 1948. 


A case of acute pneumococcic endocarditis in a 20-year-old man is described. The condition 
failed to respond to penicillin treatment, but was cured after streptomycin administration. Ini- 
tially 10,500,000 units of penicillin over a period of seventeen days were administered without any 
result. After administration of 6.0 Gm. of streptomycin (in eight days) the patient improved 
considerably; however, the treatment had to be discontinued for lack of the drug. Penicillin was 
resumed (6,000,000 units in fifteen days) and the patient became worse again. Flat temperature 
and cure followed a renewed administration of streptomycin (0.5 Gm. twice daily) in spite of com- 
plicating pulmonary embolism and bronchopneumonia. 


The patient was followed for five months from the beginning of the disease, and received 
21,000,000 units of penicillin and 21 Gm. of streptomycin. 


LuISADA. 
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Parker, R. L., and Barker, N. W.: The Effect of Anticoagulants on the Incidence of 
Thrombo-Embolic Complications in Acute Myocardial Infarction. Proc. Staff Meet., 
Mayo Clin. 23:367 (Aug. 4), 1948. 


A study of one hundred cases of acute myocardial infarction in which heparin and Dicumarol 
anticoagulant therapy was used is presented. Comparison is made with a control group of one 
hundred cases reported from the Mayo Clinic in 1945, in which anticoagulants were not employed. 
All subjects had suffered acute myocardial infarction within two weeks of the start of anticoagulant 
administration. Patients who developed shock following myocardial infarction were given heparin 
immediately, followed by Dicumarol (eighteen instances). Dicumarol alone was considered 
sufficient for subjects admitted without impairment of circulation (eighty-two instances). Hepatic 
or renal insufficiency and ulceration or bleeding lesions of the gastrointestinal tract were con- 
sidered contraindications to this type of treatment. 

There was a marked decrease in the incidence of secondary vascular complications (five 
patients) in the anticoagulant-treated group, compared with that in the control group (thirty- 
seven patients). Whereas fourteen patients in the control group experienced pulmonary embolism, 
only one instance was detected in the treated group. Eight instances of cerebral vascular occlu- 
sion occurred in the original series, but only two in the treated series. Eleven of the control group 
suffered thrombophlebitis or peripheral arterial occlusion. No such instances occurred during 
anticoagulant therapy. The mortality rate in the treated group was 11 per cent, compared with 
13 per cent in the control group. Even with the addition to the former of six patients who died 
within seventy-two hours of admission, the total mortality rate became only 16 per cent, a figure 
appreciably lower than that recorded in most previous studies. Among seven anticoagulant- 
treated cases autopsied, single cases of subintimal hemorrhage, rupture of the left ventricle, and 


rupture of the ventricular septum were found, but none was ascribed to therapy. 
ARKLEss. 


Meyer, P., and Herr, R.: Clinical and Experimental Observations on Precordial Leads 
and on the Changing Electrical Field and the Spontaneous Electrical Axes. Re- 
marks on the Doublet Theory and the Nature of the Extrinsic and Intrinsic Deflec- 
tion. Arch. d. mal. du coeur 41:385 (Sept.), 1948. 


Impulses originated by an artificial stimulator system inside the chest of a cadaver may be 
recorded by thoracic electrodes. The resulting precordial curves accurately reflect the induced 
potential variations that originated within the chest. A current spreading in the direction of the 
recording electrode results in an upright deflection; a current spreading in the opposite direction, 
a downward deflection. The negative deflection of right-sided precordial leads may be assumed 
to represent invasion of remote areas (left ventricle and posterobasal regions). Records displaying 
a single QS deflection in right-sided leads may be interpreted as the expression of vectorial force 
spreading from right to left and from front to back (as seen in the typical vectorcardiogram of 
left axis deviation). A biphasic precordial lead is assumed to represent the effects of two vectorial 
forces arising from a common center, one swinging to the left and one to the right of the center. 

HEcHT. 


Lian, C., and Gerbaux, A.: Electric Shock and Auricular Fibrillation. Arch. d. mal. du 

coeur 41:423 (Sept.), 1948. 

Two examples, one of transient and one of permanent auricular fibrillation following accidental 
electrical shock, are reported. The subjects were 65 and 53 years of age, respectively, and the 
authors assume that unspecified nervous factors, or local hemorrhage, or both, may have been 
responsible for the onset of the irregularity. HEcHT. 


Welti, J. J., and Koerperich, G.: The Prognosis of Patent Ductus Arteriosus in 54 Non- 
operated Cases. Arch. d. mal. du coeur 41:428 (Sept.), 1948. 
Of fifty-four subjects with patent ductus arteriosus observed by Lian between 1920 and 1947 
and not.operated upon, forty-one were re-examined in 1948. Thirty-four were alive at that time 
(mortality 20 per cent). 


| 
= 


SELECTED ABSTRACTS 637 


The average age of the surviving patient was 27.2 years. Five had survived ten to fifteen 
years, and six fifteen to twenty years after the diagnosis had first been made. (The ages of the 
subjects at the time of the first diagnosis were not given.) Only ten subjects did not suffer from 
some, though usually minor, reduction in their circulatory efficiency; two had had episodes of 
hemoptysis. Of fourteen women, three had borne three children, two had borne two children, 
and four had borne one child without appreciable difficulties, except in one instance where preg- 
nancy was interrupted because of increasing dyspnea. None of the children born of these mothers 
presented any sign of cardiovascular disease at birth. In general, most of the patients had lived a 
normal life; their heart size and their presenting symptoms had not increased when compared 
with the original examination. No analysis as to age has been attempted in this heterogeneous 
group. 

Seven subjects had died; one was a suicide, and six had presumably died as the result of the 
original lesion. HECHT. 
Dolgopol, V. B., and Cragan, M. D.: Myocardial Changes in Poliomyelitis. Arch. Path. 

46:202 (Sept.), 1948. 

The authors studied the myocardial lesions of poliomyelitis in ninety-two cases. They 
observed an acute focal myocarditis in sixteen of these patients. The entire group, with one 
exception, were acute or early convalescent cases of poliomyelitis. Those with significant myo- 
cardial damage died on or before the tenth day of the disease, most of them not later than the 
fifth day. Four of them showed clinical evidence of myocardial impairment. All of the patients 
showed bulbar and spinal involvement, and many of them had encephalomyelitis. 

The myocardial lesion seen by the authors is an acute focal myocarditis which they subdivide 
into three types: The first group is featured by ‘‘thin tapering myocardial fibres in areas contain- 
ing more nuclei than the rest of the myocardium.” These nuclei are believed to derive from capil- 
lary endothelium or the edematous interstitial stroma. The second group is featured by a ‘‘more 
distinct type of cellular infiltration, mostly mononuclear. The myocardial fibres are practically 
intact.” A third group was featured by perivascular mononuclear infiltrations in combination 
with one or the other of the lesions mentioned. 

The inflammatory foci were small, and while multiple in one section, were not seen in sec- 
tions from more than two blocks, indicating that the lesion was not diffuse. It was encountered 
more often in the posterior wall of the left ventricle, occasionally in the left auricle and the inter- 
ventricular septum. 

Other changes were noted (not listed by the authors as myocarditis), such as interstitial myo- 
cardial edema, seen in eighty-six cases, and, in some cases, a peculiar intrasarcolemmal frag- 
mentation of the fibrillae, with or without cellular infiltration, apparently peculiar to poliomyelitis. 

Pneumonia occurred in only four of these sixteen cases, and in half of them it was hypostatic. 
The only other factor that might possibly have contributed to the myocardial lesions was the use 
of immune horse serum. The myocarditis in two such treated cases did not differ from that noted 
in the nontreated cases. GOULEY. 


Gentile, C.: A Case of Isolated Congenital Dextrocardia Without Inversion of the 
Chambers and Associated With Left Ventricular Hypertrophy and Anteroseptal 
Myocardial Infarction. Rev. argent. de cardiol. 15:28 (Sept.-Oct.), 1948. 

A case of isolated congenital dextrocardia is described in a 56-year-old hypertensive woman, 
The malformation was ignored until it was discovered in a radiological examination. The electro- 
cardiographic study, made because of clinical manifestations of myocardial infarct, showed that 
there was no inversion of the cardiac chambers and revealed an acute anteroseptal infarct, with 
typical potential variations transmitted only to the right precordium. The standard limb leads 
revealed left ventricular hypertrophy and strain just as if the heart had been located normally 
in the left hemithorax. The orientation of the different cardiac surfaces was determined by means 
of the unipolar limb leads. 

Attention is called to the excellent tolerance to strain and to infarction of isolated dextro- 
cardia without inversion of the cardiac cavities, while the type associated with other congenital 
malformations is of poor prognostic significance. LUISADA. 
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Ochsner, A.: Venous Thrombosis. Surgery 24:445 (Sept.), 1948. 

The author reviews the evidence for the view, popularized by him and his associates, that it 
is necessary to differentiate two types of venous thrombosis, namely, thrombophlebitis and 
phlebothrombosis. In the diagnosis of phlebothrombosis, he calls attention to a sign which helps 
distinguish between inflammatory lesions of the skin and subcutaneous tissues of the back of the 
leg and phlebothrombosis. After the presence of tenderness has been determined by the applica- 
tion of pressure anteriorly against the calf, pressure is then exerted from side to side. In the 
presence of phlebothrombosis, the last maneuver should cause no pain. 

With regard to treatment of these conditions, the author continues to advocate repeated 
paravertebral sympathetic blocks for the acute stage of deep thrombophlebitis and bilateral super- 
ficial femoral vein ligation for phlebothrombosis. ABRAMSON. 


De Takats, G., Julian, O. C., and Fowler, E. F.: The Surgical Treatment of Essential 
Hypertension. IV. Case Selection and Technique as Influencing Results. Surgery 
24:469 (Sept.), 1948. 

The authors present the results of sympathectomy in the treatment of 250 patients with 
hypertension. These were divided into three categories. Group I consisted of patients below 
the age of 40 years, in whom minimal or no detectable organic damage could be determined. 
These individuals demonstrated normal blood pressure on complete rest or with barbiturates. 
Group II consisted of patients whose ages varied from 20 to 55 years, but in whom moderate 
vascular sclerosis was noted in all organs. There was also well-demonstrated angiospasm. The 
diastolic blood pressure could not be lowered below 110 mm. Hg by any means, this reading 
showing a definite tendency to increase in the last six months. In Group III were placed those 
individuals with a marked degree of involvement, demonstrating large, recurrent retinal hemor- 
rhages and exudates or papilledema, high, fixed diastolic blood pressure, not capable of being 
lowered below 120 mm. Hg, congestive or anginal heart failure, poor renal function, and numerous 
cerebrovascular accidents. 

Contraindications to operation consisted of extensive organic damage to brain, retina, heart, 
or kidneys, mechanical obstruction to circulation, marked psychic involvement, and obvious 
pituitary corticoadrenal activity. 

The results following sympathectomy were excellent in the first group, fair in the second, and 
poor in the third. ABRAMSON. 


Shumacker, H. B.: Causalgia. III. A General Discussion. Surgery 24:485 (Sept.), 1948. 

The author reviews the early and recent contributions to the problem of causalgia. With 
regard to treatment, he emphasizes the importance of sympathetic interruption, especially through 
the use of sympathectomy. The various theories concerning the mechanism of initiation and 
persistence of pain in this condition are also presented. Of the two most widely accepted views, 
one assumes the existence of an irritative focus resulting from the trauma, with afferent impulses 
arising from this trigger point which set up an abnormal state of activity in the spinal cord. This 
results in the initiation of abnormal motor responses from both lateral and anterior horn neurons. 
Relief from sympathetic interruption is explained on the basis of a break in the vicious arc. The 
second theory explains the pain of causalgia as due to alteration in the excitability of adjacent 
sensory fibers by the continuous sympathetic impulses. ABRAMSON. 


Scotti, T. M., and McKeown, C. E.: Sarcoidosis Involving the Heart in a Case of Sudden 

Death. Arch. Path. 46:289 (Oct.), 1948. 

A case of sarcoidosis of the heart which resulted in sudden death is reported. The patient, 
a 26-year-old Negro man, had complained of precordial pain eighteen months previously; the 
pain had soon subsided. Otherwise his medical history had been negative, and death was entirely 
unexpected. 

Autopsy revealed sarcoidosis of the tracheobronchial lymph nodes, and to a lesser degree of 
the mesenteric nodes. Otherwise, only the heart showed significant involvement. Nodules 
in the epicardial fat and in the myocardium, notably in the left atrium, the interventricular 
septum, the papillary muscles, and throughout the wall of the left ventricle, were identified as 
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typical sarcoid lesions. Aside from these, a dense hyalinized tissue replaced muscle in many areas. 
‘This fibrosis was a residuum of healed sarcoidosis. 

The authors, in reviewing the recorded instances of cardiac involvement in this disease, 
emphasize that sudden death has been previously noted, and that when a clinical diagnosis of 


systemic sarcoidosis has been established, a persistent tachycardia in the absence of fever indicates 
GOULEY. 


cardiac involvement. 


Amromin, G. D., Schlichter, J. G., and Solway, A. J. L.: Medionecrosis of the Aorta. 
Arch. Path. 46:380 (Oct.), 1948. 


The authors believe that the status of the vasa vasorum is an important factor in the develop- 
ment of ischemia of the media of the aorta, and that in some cases it may be the sole determining 
factor. They consider dissection of the medial coat as an infarction. Experimentally, any mechan- 
ism, chemical or mechanical, that may reduce the nutrient capacity of the vasa vasorum can lead 
to dissecting aneurysm. 

The authors injected radiopaque material at autopsy into the body of a patient with an ante- 
mortem diagnosis of dissecting aneurysm; also into the bodies of patients dying from other causes. 
In the presence of a dissecting aneurysm the vasa vasorum could not be visualized. In the un- 
involved portions of this aorta the vasa vasorum were filled with radiopaque material. Near the 
perforation their lumina were almost obliterated by medial and intimal thickening. 

In the course of this study the authors examined the aortas of many patients with hyper- 
tension, and were able to confirm previous findings of other investigators, namely, that the vasa 
vasorum frequently show medial hypertrophy and intimal hyaline thickening. GOULEY. 


Brit. Heart J. 10:252 


Pantridge, J. Frank: Cardiac Lesions in Thiamin Deficiency. 

(Oct.), 1948. 

Contrary to the general impression, experience with beriberi in British and Australian prison- 
ers of war indicated that the occurrence of heart block was not infrequent. For this reason, an 
analysis was made of the effects upon cardiac conduction of prolonged, severe thiamin deficiency 
in four pigs, with two additional pigs used as controls. The standard leads and CF, were used. 

On the thirtieth to the fortieth day, the four thiamin-deficient pigs developed A-V conduction 
disturbances. A single injection of 25 mg. of thiamin hydrochloride prevented the death of three 
pigs with block. 

At autopsy, excess fluid was found in the pericardial sacs. There was dilatation of the right 
auricle and right ventricle, particularly the pulmonary conus. Microscopically, lesions were 
found in the auricles, the auricular appendages, and the auricular septa. These lesions consisted 
of regions of active necrosis of muscle with leucocytic and erythrocytic infiltration, edema of the 
reticulum, and in one animal surviving 157 days, areas of replacement of muscle by granulation 
tissue or fibrous tissue. Marked degenerative changes were seen in many of the cells of the con- 
ducting system. An acute hyaline necrosis was seen in the Purkinje cells. SoLorr. 


Allen, A. W., and Donaldson, G. A.: Venous Thrombosis and Pulmonary Embolism. 
Bull. New York Acad. Med. 24:619 (Oct.), 1948. 


The authors point out certain conditions which are conducive to venous thrombosis: low 
environmental temperature; cardiac conditions requiring quiet, sedation, and bed rest in a sitting 
position; extensive malignancy involving the abdominal viscera particularly ; acute intra-abdominal 
infections; general debilitation; infirmity, with its influence on muscular activity; and trauma 
and burns involving the lower extremities. 

One of the most important measures in the prevention of venous thrombosis is the counter 
action of stasis in the legs by posture, compression bandages, and active or passive exercises. The 
authors prescribe prophylactic superficial vein interruption in the depleted, very ill patient with 
advanced carcinoma or infection, or in patients with injuries to the lower extremities in whom 
immobilization is necessary. Nevertheless, they state that Dicumarol is likewise effective in 
such patients in reducing the incidence of thrombosis. ABRAMSON. 
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American Heart Association, Inc. 


1775 Broapway, New York 19, Y. 
Telephone Plaza 7-2045 


AMERICAN HEART ASSOCIATION ANNUAL MEETING, JUNE 22-25, 1950 


The next Annual Meeting and Scientific Sessions of the Association will be held June 22-25, 
1950, at the Fairmont Hotel, San Francisco. Early reservations are advised and arrangements 
should be made directly with the hotel, stating the type of accommodations required and giving 
specific dates of arrival and departure. 

Dr. Louis E. Martin, of Los Angeles, to whom applications and inquiries should be sent 
in respect to papers for inclusion on the program, is Chairman of the Program Committee for 
the Scientific Sessions. Dr. Meyer Friedman of San Francisco is Chairman of the Program 
Committee of the Section on the Circulation. The remainder of the Committee will be an- 
nounced at a later date. 

The first Scientific Session is scheduled for Thursday afternoon, June 22. The annual 
meeting of the Assembly will be held Saturday afternoon, June 24 and the annual dinner the 
same evening. 


INTERNATIONAL CONGRESS IN 1950 


The First International Congress on Cardiology will be held in Paris, France, September 
3-9, 1950. Arrangements for transportation and hotel accommodations may be made by ad- 
dressing Mr. Gabriel Reiner, Cosmos Travel Bureau, Inc., 40 West 45th St., New York 19, N. Y., 
or any other travel agency. Anticipated heavy bookings next September make it advisable to 
secure early tentative reservations, which are not binding until a later date. Professor Charles 
Laubry of Paris is the General Chairman of the Congress. 


NEW AFFILIATED HEART ASSOCIATIONS 


The affiliation of the Nebraska Heart Association, South Carolina Heart Association, Orange 
County (N. Y.) Heart Association, Western Pennsylvania Heart Association, Florida Heart 
Association, and the State Tuberculosis and Health Committee for the State Charities Aid Asso- 
ciation, New York, has been completed. 

Other associations which will be affiliated soon are: Pennsylvania Heart Association, 
Kentucky Heart Association, Western New York Heart Association, Colorado Heart Associa- 
tion, New Mexico Heart Association, North Carolina Heart Association, Montana Heart Asso- 
ciation, and the East Tennessee Heart Association. 

640 


= 
| 
| 


